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Technological Experiments

Listed Primarily Chronologically by Topic,
but with Investigative Series of Principal Investigators Intact

Page
Performance of Computer Chips
Thurston, J., et al.: Performance of Dynamic Random
Access Memory (DRAM) Chip in Space Environment
(STS 51-G (planned) ) ..ceeeeeessosenncocnnas ceeenssenns 18-247
High Performance Liquid Chromatography
Alltech Associates, Inc., et al.: High Performance
Liguid Chromatography (STS 61-C, 1986) .cccceccccececns 18-250
Paper Formation
Hebert, D. J., et al.: Formation of Paper
(STS 61-C, 1986)..cveeeeecacs. C e eeteeecaeeeeeeeeeeanaas 18-252
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SYSTEMS EXHIBITING A MISCIBILITY GAP
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Principal Investigator(s): Reger, J. L. (1)
Co-Investigator(s): Hammel, R. L. (Program Manager/TRW) (2),
Wuenscher, H. (3), Yates, I. C. (Project Engineer) (4)
Affiliation(s): (1) During Apollo 14: TRW Systems Group, Redondo
Beach, California, Currently: Unknown; (2) TRW Systems Group,
Redondo Beach, California; (3,4) During Apollo 14: National
Aeronautics and Space Administration (NASA), Marshall Space
Flight Center (MSFC), Huntsville, Alabama; (3) Currently:
Unknown; (4) Currently: Retired

Experiment Origin: USA

Mission: Apollo 14

Launch Date/Expt. Date: February 1971

Launched From: NASA Kennhedy Space Center, Florida

Payload Type: Science Demonstration, Apcllo Command Module
Payload

Processing Facility: A hand-held electric heater which accepted
sealed capsules containing sample materials

Builder of Processing Facility: Heater and solidification cap-
sules were provided to investigators by NASA Marshall Space
Flight Center, Huntsville, Alabama.

Experiment:
Composite Casting- Part III: Paraffin-Based Immiscible Samples

<Note: A total of eleven samples were processed during the Com-
posite Casting Experiment. The evaluation of three of the
samples (denoted by the investigators as "Part III" of the
experiment) is discussed here. Discussion of the other eight
samples can be found in Chapter 5 under Fabiniak, Apollo 14;
Peters, Apollo 14; Steurer, Apollo 14.>

This Apollo 14 composite casting experiment (Part III) was the
first in a series of investigations designed by Reger et al. to
study the solidification of immiscible alloys under low-gravity
conditions. The specific objective of the experiment was to ex-
amine the potential for forming unique immiscible materials dis-
persions in the reduced gravity environment.

Three experiment capsules were prepared prior to the Apollo 14
flight. The first contained immiscible liquids, the second con-
tained immiscible liquids and a gas, and the third contained im-
miscible liquids and a solid. During the mission, each sample
was placed in an electric heater and warmed for 10 minutes. The
heater was shaken by hand to mix the materials. Solidification
took place when the heater and sample were placed in a heat sink.
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TRW conducted post-flight evaluation of the three samples and
compared them to Earth-processed control samples.

The first sample was composed of paraffin and sodium acetate.
Evaluation of the ground-based sample indicated clear segregation
of the two liquids. In contrast, the flight sample exhibited only
a partial segregation; some dispersion of sodium acetate in
paraffin and paraffin in sodium acetate could be observed.

The second sample was composed of paraffin, sodium acetate, and
argon. The ground-based sample experienced complete segregation
of paraffin and sodium acetate. In contrast, the flight sample
experienced an almost complete dispersion of paraffin and sodium
acetate. It was noted that an appreciable gas dispersion was not
observed in the flight sample.

The third sample was composed of paraffin, sodium acetate, and
tungsten microspheres. The ground-based sample experienced a
high degree of segregation. In contrast, the flight sample ex-
perienced three types of sodium acetate, paraffin, and tungsten
dispersions.

Reportedly, none of the three samples exhibited homogeneous
material or phase distributions.

Additional information concerning the detailed analyses of each
sample can be found in the references listed below.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Immiscible Fluids, Melt and Solidification, Segregation,
Density Difference, Liquid Mixing, Dispersion, Liquid/Liquid Dis-
persion, Liquid/Gas Dispersion, Solid/Liquid/Gas Dispersion, Par-
ticle Dispersion, Multiphase Dispersion, Multiphase Media,
Liquid/Gas Interface, Solid/Liquid Interface, Liquid/Liquid In-
terface, Stirring of Components

Number of Samples: three

Sample Materials: (1) 50 volume % paraffin and 50 volume % sodium
acetate (a tungsten mixing pellet was included); (2) 40 volume %
paraffin, 40 volume % sodium acetate trihydrate, 20 volume % ar-
gon (a tungsten mixing pellet was included); (3) 40 volume %
paraffin, 40 volume % sodium acetate trihydrate, and 20 volume %
100-micron diameter tungsten microspheres (a tungsten mixing pel-
let was included).

(Ar*,W*)
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Container Materials: unknown

Experiment/Material Applications:
In addition to examining basic solidification phenomenon in low
gravity, this experiment sought to determine if immiscible mix-
tures of liquids, 1liquids and solids, or liquids and gas would
disperse uniformly in low gravity.

References/Applicable Publications:

(1) Yates, I. C.: Apollo 14 Composite Casting Demonstration. 1In
Process Engineering Research at MSFC, Research Achievements
Review, Vol. IV, Report No. 7, Marshall Space Flight Center,
Alabama, NASA TM X-64723, February 1973. (post-flight)

(2) Reger, J. L.: Low Gravity Processing of Immiscible
Materials. 23rd International Astronautical Federation, Interna-
tional Astronautical Congress, Vienna, Austria, October 8-15,
1972, 9 pp. (post-flight)

(3) Yates, I. C., Jr.: Apollo 14 Composite Casting
Demonstration-Final Report. NASA TM X-64641, October 1971.

(4) Reger, J. L. and Yates, I. C.: Preparation of Metallurgical
Properties of Low Gravity Processed Immiscible Materials.
Presented at the ATIAA 12th Aerospace Sciences Meeting, January
30-February 1, 1974, Washington, D.C.

(5) Input received from Co-Investigator R. L. Hammel, May 1991.

Contact(s):
R. L. Hammel

Bldg. R-4
Room 2190
TRW

One Space Park Drive
Redondo Beach, CA 90278
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Principal Investigator(s): Reger, J. L. (1)

Co-Investigator(s): Larson, D. J., Jr. (officially not a Co-
Investigator) (2)

Affiliation(s): (1) During Skylab: TRW Systems Group, Redondo
Beach, California, Currently: Unknown; (2) Grumman Aerospace Cor-
poration, Bethpage, New York

Experiment Origin: USA

Mission: Skylab, SL-3, Second Manned Mission

Launch Date/Expt Date: September 1973 (month experiment was
completed)

Launched From: NASA Kennedy Space Center, Florida

Payload Type: Materials Processing Facility (MPF) panels located
forward from the Multiple Docking Apparatus (MDA) area, Skylab
Manned Environment

Processing Facility: Multipurpose Electric Furnace System (MEFS)
Builder of Processing Facility: Westinghouse Astronuclear
Laboratory, Large, Pennsylvania

Experiment:
Immiscible Alloy Compositions (M557)

When certain multi-component metallic systems are cooled below a
particular temperature (the consulate temperature), they separate
because of compositional density differences of system components
(similar to the behavior of oil and water). When such immiscible
systems are solidified on Earth, useful materials exhibiting a
matrix containing a fine, homogeneous dispersion of the second
phase rarely result.

This Skylab SL-3 experiment was the second in a series of inves-
tigations designed by Reger et al. to study the solidification of
immiscible alloys under low-gravity conditions (see Reger, Apollo
14). The specific objectives of the experiment were to determine
(1) if gravity-induced sedimentation and buoyancy would be
reduced during space solidification of the alloys and (2) if the
resulting material would exhibit a fine dispersion of the
minority phase.

Prior to the mission, three stainless steel sample cartridges
were prepared. Each cartridge was configured with three ampoules
which each contained one sample material (nine total samples):
(1) Pb-45.06 wt.% Zn-9.89 wt.% Sb, (2) Au-23.15 wt.% Ge, and (3)
Pb-14.80 wt.% In-15.00 wt.% Sn. Samples of type (1) and (2) were
contained in stainless steel ampoules and samples of type (3)
were contained in quartz ampoules.
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During the SL-3 mission, the samples in the three cartridges were
processed simutaneously using the M-518 Multipurpose Electric
Furnace. Samples of type (1) and (2) (Pb-Zn-Sb and Au-Ge) were
processed isothermally: heated to 720 °C and soaked at this tem-
perature for 4 hours before passive cooling took place. (This
soak temperature was selected because it was above the consulate
temperature of the Pb-Zn-Sb sample.) The soak period was suffi-
ciently long to allow diffusion and complete mixing of the ele-

ments. Samples of type 3 (Pb-In-Sn) were directionally
solidified by heating the material such that one end was not al-
lowed to melt. Thus, when the furnace was cooled, the sample

solidified directionally from the cold end. Two samples of each
alloy (one solidified vertically and the other horizontally) were
processed on Earth as control samples and used for comparison.

Post-flight analysis revealed that reduced-gravity processing of
the Au-Ge samples resulted in a more random distribution of Ge
than in the corresponding 1-g specimens. When the space
processed specimens were compared to a sample cooled at a much
faster rate during KC-135 low-gravity aircraft experiments, it
was concluded that solidification rate has a significant effect

on the resulting microstructure. X-ray diffraction studies of
the low-gravity specimens revealed diffraction lines of unknown
origin: these lines did not match with known diffraction lines

from the system. Studies indicated that the Skylab specimens su-
perconducted at 1.5 K (weak signals) but that the 1-g specimens
exhibited no superconducting behavior. Resistivity measurements
(Leeds four point probe) indicated a more uniform resistivity for
the low-gravity samples than that of the 1-g samples.

The 1-g processed Pb-Zn-Sb samples showed significant segrega-
tion, whereas the low-gravity samples showed a more uniform dis-
persion. Further examination of the Skylab samples revealed that
the Zn was the primary matrix material with Pb as the dispersant.
Sb was primarily associated with the Zn. This was not the case
in the 1-g sample. As with the Au-Ge specimens, X-ray diffrac-
tion studies showed lines which could not be matched with those
caused by the elements or related compounds. Superconductivity
measurements indicated that both 1-g and low-gravity specimens
exhibited a transition temperature of 7.2 K but the space-
processed samples also showed a second transition at 9.2 K. The
resistivity of the low-gravity samples was reportedly more
uniform than that of the 1-g sample.

In general, the microstructure of the directionally solidified
portion of the Pb-Sn-In, Skylab samples were "...finer and of
better quality..." (3, p. 136) than those processed in 1-g. X-
ray diffraction studies indicated (unlike the isothermal samples)
that there was no appreciable difference between the 1-g and low-
gravity processing. There was a slight increase in the magnetic
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coercive strength of the low-gravity samples over the 1-g
processed specimens. Further examination indicated that the

space-processed, Pb-Sn-In samples "...were found to have thinner
lamellae (...[about]... 1 micron) than samples processed in a
ground-based laboratory. Increased magnetic flux pinning by the

Sn-rich phase was indicated from the small sections of the Skylab
samples ([about] 5%) which experienced the most beneficial
solidification conditions. Thinner lamellae, and hence, in-
creased flux pinning, could be obtained by increasing the
solidification rate." (9, p. 6)

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Ternary Systems, Melt and Solidification,
Isothermal Processing, Directional Solidification, Density Dif-
ference, Separation of Components, Sedimentation, Segregation,
Precipitation, Diffusion, Diffusive Mass Transfer, Liquid Mixing,
Buoyancy Effects, Dispersion, Homogeneous Dispersion,
Liquid/Liquid Dispersion, Multiphase Media, Solid/Liquid Inter-
face, Liquid/Liquid Interface, Thermal Soak, Thermal Gradient,
Passive Cooling, Solidification Rate, Sample Microstructure,
Lamellar Structure, Superconductivity, Magnetic Properties

Number of Samples: nine

Sample Materials: Two isothermal samples: (1) Au-23.15 wt.% Ge
and (2) Pb-45.06 wt.% Zn-9.89 wt.% Sb; one directional sample:
Pb-14.80 wt.% Sn-15.00 wt.% In.

(Au*Ge*, Pb*Zn*Sb#*, Pb*Sn*Ink%)

Container Materials: isothermal samples: stainless steel;
gradient samples: quartz

Experiment/Material Applications:

Immiscible systems are a unique class of material which cannot be
successfully processed in large quantities on Earth because of
the separation of the liquid constituents before solidification.
Successful processing in space, without compositional sedimenta-
tion due to gravity, could result in materials with unique
electronic or optical properties.

Au-Ge and Pb-Zn-Sb were selected for the isothermal experiments
because (1) Au-Ge alloys exhibit almost complete solid state im-
miscibility and (2) Pb-Zn-Sb exhibits a miscibility gap below a
consulate temperature which could be exceeded by the experimental
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apparatus.

Above the consulate temperature the Pb-Sn-Sb liquid alloy exists
as a single phase. The Pb-Sn-In sample was selected as the
directionally solidified sample because Pb precipitates out as a
second phase and can possibly be preferentially oriented.

References/Applicable Publications:

(1) Naumann, R. J. and Herring H. W.: Experiment M557, Immiscible
Alloy Composites. In Materials Processing in Space: Early Ex-
periments, NASA SP-443, pp. 68-69. (post-flight)

(2) Chassay, R. P. and Schwaniger, A.: Low-G Measurements by
NASA. In Workshop Proceedings of the Measurement and Charac-
terization of the Acceleration Environment on Board the Space
Station, August 11-14, 1986, Guntersville, Alabama, p. 9-1.
(acceleration measurements; post-flight)

(3) Reger, J. L.: Experiment No. M-557 Immiscible Alloy Com-
posites. In Proceedings the Third Space Processing Symposium,
Skylab Results, Vol. I, April 30-May 1, 1974, NASA Marshall Space
Flight Center, Alabama, pp. 133-158. (post-flight)

(4) Experiment M558-Radioactive Tracer Diffusion. In MSFC Skylab
Corollary Experiment Systems Mission Evaluation, NASA TM X-64820,
September 1974, pp. 5-56 - 5-62. (post-flight)

(5) M518-Multipurpose Electric Furnace System. In MSFC Skylab
Corollary Experiment Systems Mission Evaluation, NASA TM X-64820,
September 1974, pp. 5-42 - 5-56. (processing facility)

(6) Multipurpose Electric Furnace (M518). 1In MSFC Skylab Mission
Report-Saturn Workshop. NASA TM X-64814, October 1974, pp. 12-46
- 12-49. (processing facility)

(7) Immiscible Alloy Compositions (M557). In MSFC Skylab Mission
Report-Saturn Workshop, NASA TM X-64814, October 1974, pp. 12-49
- 12-50. (post-flight)

(8) Naumman, R. J. and Mason, D.: Immiscible Alloy Compositions.
In Summaries of Early Materials Processing in Space Experiments,
NASA TM-78240, August 1989, pp. 22-23. (post-flight)

(9) Anderson, W. T. and Reger, J. L.: Superconducting Properties
of Pb-Sn-In Alloys Directionally Solidified Aboard Skylab. In
AIAA 10th Thermophysics Conference, Denver, Colorado, May 27-29,
1975, AIAA Paper No. 75-694. (post-flight)
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(10) Reger, J. L. and Yates, I. C.: Preparation and Metallurgical
Properties of Low Gravity Processed Immiscible Materials. In
ATAA 12th Aerospace Sciences Meeting, Washington, D.C., January
30-February 1, 1974, AIAA Paper No. 74-207. (post-flight)

Contact(s):

Dr. David J. Larson, Jr.
Research Center A01-26
Grumman Corporation
Bethpage, NY 11714-3580
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Principal Investigator(s): Reger, J. L. (1)

Co-Investigator(s): Larson, D. J., Jr. (officially not a Co-
Investigator) (2)

Affiliation(s): (1) During Skylab: TRW Systems Group, Redondo
Beach, California, Currently: Unknown; (2) Grumman Aerospace Cor-
poration, Bethpage, New York

Experiment Origin: USA

Mission: Skylab, SL-4, Third Skylab Manned Mission

Launch Date/Expt Date: December 1973 (month experiments were
completed)

Launched From: NASA Kennedy Space Center, Florida

Payload Type: Materials Processing Facility (MPF) panels located
forward from the Multiple Docking Apparatus (MDA) area, Skylab
Manned Environment

Processing Facility: Multipurpose Electric Furnace System (MEFS)
Builder of Processing Facility: Westinghouse Astronuclear
Laboratory, Large, Pennsylvania

Experiment:
Immiscible Alloy Compositions (M557)

This Skylab SL-4 experiment was the third in a series of inves-
tigations designed by Reger et al. to study the solidification of
immiscible alloys under low-gravity conditions (see Reger, Apollo
14; Skylab SL-3). The specific objective of the investigation
was to determine the effects of the space environment on immis-
cible systems which separate during processing on Earth.

During the SL-4 mission, two immiscible alloys (Au-Ge and Pb-Zn-
Sb) were solidified isothermally and one immiscible alloy (Pb-Sn-
In) was solidified directionally within the M-518 Multipurpose
Electric Furnace.

The sample compositions and processing parameters appear to have
been identical to those employed during the Skylab SL-3 experi-
ment (see Reger, SL-3).

<Note: Reference (4) states that the Skylab SL-4 experiment
n,..was successfully performed from DOY [Day of Year] 355, 1900
GMT [Greenwich Mean Time] through DOY 357, 2040 GMT." (4, p. 5-
60) However, no publications that discuss the exact experiment
procedure or analysis of these samples could be located at this
time.>
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Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Ternary Systems, Melt and Solidification,
Isothermal Processing, Directional Solidification, Density Dif-
ference, Separation of Components, Sedimentation, Segregation,
Buoyancy Effects, Diffusion, Dispersion, Homogeneous Dispersion,
Liguid/Liquid Dispersion, Thermal Gradient

Number of Samples: nine

Sample Materials: Two isothermal samples: (1) Au-23.15 wt.% Ge
and (2) Pb-45.06 wt.% Zn-9.89 wt.% Sb; one directional sample:
Pb-14.80 wt.% Sn-15.00 wt.% In.

(Au*Ge*, Pb*Zn*Sb*, Pb*Sn*In%)

Container Materials: isothermal samples: stainless steel;
gradient samples: quartz

(Si*0*)

Experiment/Material Applications:
See Reger, Skylab SL-3.

References/Applicable Publications:

(1) Naumann, R. J. and Herring H. W.: Experiment M557, Immis-
cible Alloy Composites. In Materials Processing in Space: Early
Experiments, NASA SP-443, pp. 68-69. (post-flight)

(2) Chassay, R. P. and Schwaniger, A.: Low-G Measurements by
NASA. In Workshop Proceedings of the Measurement and Charac-
terization of the Acceleration Environment on Board the Space
Station, August 11-14, 1986, Guntersville, Alabama, p. 9-1.
(acceleration measurements; post-flight)

(3) Reger, J. L.: Experiment No. M-557 Immiscible Alloy Com-
posites. In Proceedings the Third Space Processing Symposium
Skylab Results, Vol. I, April 30-May 1, 1974, NASA Marshall Space
Flight Center, Alabama, pp. 133-158. (post-flight)

(4) Experiment M557-Immiscible Alloy Compositions. In MSFC
Skylab Corollary Experiment Systems Mission Evaluation, NASA TM
X-64820, September 1974, pp. 5-57 - 5-62. (post-flight)

(5) M518-Multipurpose Electric Furnace System. In MSFC Skylab

Corollary Experiment Systems Mission Evaluation, NASA TM X-64820,
September 1974, pp. 5-42 - 5-56. (processing facility)
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(6) Multipurpose Electric Furnace (M518). In MSFC Skylab Mission
Report-Saturn Workshop, NASA TM X-64814, October 1974, pp. 12-46
- 12-49. (processing facility)

(7) Immiscible Alloy Compositions (M557). In MSFC Skylab Mission
Report-Saturn Workshop, NASA TM X-64814, October 1974, pp. 12-49
- 12-50. (post-flight)

(8) Reger, J. L. and Yates, I. C.: Preparation and Metallurgical
Properties of Low Gravity Processed Immiscible Materials. In
AIAA 12th Aerospace Sciences Meeting, Washington, D.C., January
30-February 1, 1974, AIAA Paper No. 74-207. (post-flight)

(9) Anderson, W. T. and Reger, J. L.: Superconducting Properties
of Pb-Sn-In Alloys Directionally Solidified Aboard Skylab. In
AIAA 10th Thermophysics Conference, Denver, Colorado, May 27-29,
1975, AIAA Paper No. 75-694. (post-flight)

Contact(s):
J. L. Reger
Address Unknown

Dr. bavid J. Larson, Jr.
Research Center A01-26
Grumman Corporation
Bethpage, NY 11714-3580
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Principal Investigator(s): Lacy, L. L. (1)
Co-Investigator(s): Otto, G. H. (2), Yates, I. C. (3)
Affiliation(s): (1) During Skylab: National Aeronautics and Space
Administration (NASA), Marshall Space Flight Center (MSFC),
Huntsville, Alabama, Currently: B. J. Services Company, Research
& Technology Center, Tomball, Texas; (2) During Skylab: Univer-
sity of Alabama, Currently: DLR- Cologne, Germany; (3) During SL-
4: NASA Marshall Space Flight Center (MSFC), Huntsville, Alabama,
Currently: Retired

Experiment Origin: USA

Mission: Skylab, SL-4, Third Skylab Manned Mission

Launch Date/Expt. Date: January 1974 (month experiment was
completed)

Launched From: NASA Kennedy Space Center, Florida

Payload Type: Science Demonstration, Skylab Manned Environment
Processing Facility: Hand held apparatus: polycarbonate clear
vials filled with water and oil (brass nut included to mix
liquid)

Builder of Processing Facility: NASA Marshall Space Flight Cen-
ter, Space Sciences Laboratory, Huntsville, Alabama

Experiment:
Immiscible Liguids (SD19 _TV102)

This Skylab SL-4 experiment was the first in a series of inves-
tigations designed by Lacy et al. to study the low-gravity be-
havior of immiscible systems. The primary objectives of the ex-
periment were to (1) visibly examine the stability of two immis-
cible liquids, and (2) investigate the rate of coalescence of the
liquids after dispersion.

The experimental apparatus used during the Skylab experiment con-
sisted of three transparent plastic (polycarbonate) vials each
containing different mixtures of degassed Krytox 143 AZ oil and
degassed red-colored water. The first vial contained 25 vol.%
0oil, the second 50 vol.% oil, and the third 75 vol.% oil. (The
employed fluids had different densities and their fluid
properties had been well characterized.) All three vials were
mounted in a single stainless steel frame.

The fluids within the vials assembly could be separated when an
astronaut took hold of a string attached to the frame and swung
the assembly in a circular orbit. The fluids could then be dis-
persed when the frame was vigorously shaken by the astronaut. (A
small brass nut included in each vial aided the dispersion
process.) A card with parallel black lines was placed behind the
transparent vials to aid in analysis of the liquid separation.
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The Skylab experimental procedure consisted of (1) centrifuging
the vials to separate the liquids, (2) shaking the vials to ob-
tain a dispersion, (3) video-taping the emulsions over a period
of several minutes (immediately after mixing) and (4) sequen-
tially photographing (35 mm) the liquids over a 10-hour period
(to record the coalescence process).

During similar ground-based experiments, high-speed motion pic-
tures were used to photograph the separation process.

Post-flight, the relative stability of the low-gravity and 1-g
dispersions were obtained using two methods: (1) determining the
volume fraction of separation between the two liquids (using the
parallel lines of the card placed behind the vials) and (2)
measuring the red color density of the 35 mm transparencies as a
function of time (photodensitometry).

Results from the volume fraction determination indicated the
emulsions of the 1-g specimens were highly unstable: significant
separation occurred in the 25% oil mixture after 0.1 second with
a comparable separation in the 75% o0il mixture after 0.8 second.
Complete separation occurred in both of the 1-g samples after 2
and 10 seconds, respectively. (The 1-g results from the 50% oil
mixture were intermediate between the 25% and 75% oil mixtures.)
All low-gravity specimens were less separated after 10 hours than
the 1-g, 25% oil mixture after 0.1 second. It was concluded that
the coalescence rate for the Skylab specimens was reduced to 3 x
10"° times that observed on Earth.

The photodensitometry studies also indicated that the low-gravity
dispersions were stable during the 10-hour test period in an
isothermal environment.

Comparison of the Krytox oil-water system to immiscible liquid
metal systems was made using Stokes law and known fluid
parameters. It was determined that the major differences between
these material systems was "...the much larger surface tension
found for liquid metals. An increase in surface tension will
require an increase in the kinetic energy of colliding and sub-
sequently coalescing particles to overcome the larger surface
energies involved. Thus, it is expected that emulsions of metal-
lic liquids should be as stable as the Krytox-water system." (1,

p. 6)
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Key Words: Systems Exhibiting a Miscibility Gap, Immiscible
Fluids, Binary Systems, Isothermal Processing, Liquid Mixing,
Emulsion, Density Difference, Dispersion, Drops, Droplet Disper-
sion, Liquid/Liquid Dispersion, Stability of Dispersions, Drop
Coalescence, Surface Tension, Surface Energy, Separation of Com-
ponents, Bubble Removal, Liquid/Liquid Interface, Centrifuge,
Buoyancy Effects Diminished

Number of Samples: three

Sample Materials: three different dispersions of oil and red-
colored water (25, 50, and 75 %volume degassed Krytox 143 AZ oil)
Container Materials: polycarbonate plastic vials

Experiment/Material Applications:

0il and water were chosen as the experimental liquids because
they represent a classic immiscible fluid system. The fluids are
also transparent and well characterized.

References/Applicable Publications:

(1) Lacy, L. L. and Otto, G. H.: The Stability of Liquid Disper-
sions in Low Gravity, AIAA Paper 74-1242. In American Institute
of Aeronautics and Astronautics and American Geophysical Union,
Conference on Scientific Experiments of Skylab, Huntsville,
Alabama, October 30-November 1, 1974, 8 pp., NASA supported re-
search. (post-flight)

(2) Lacy, L. L. and Otto, G. H.: Stability of Liquid Dispersions
in Low Gravity. 1In Material Sciences in Space with Applications
to Space Processing, AIAA Progress Series in Astronautics and
Aeronautics, edited by Leo Steg, Vol. 52, p. 495, 1977.

(3) Lacy, L. L. and Otto, G. H.: The Electrical Properties of
Zero-Gravity Processed Immiscibles. AIAA Paper 74-208, AIAA 12th
Aerospace Sciences Meeting, Washington, D.C., January 30-February
1, 1974.

(4) Chassay, R. P. and Schwaniger, A.: Low-G Measurements by
NASA. In Workshop Proceedings of the Measurement and Charac-
terization of the Acceleration Environment on Board the Space
Station, August 11-14, 1986, Guntersville, Alabama, p. 9-1.
(acceleration measurements)
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(5) "TV102- Immiscible Liquids.™ In MSFC Skylab Corollary Ex-
periment Systems Mission Evaluation, NASA TM X-64820, September
1974, pp. 7-11 to 7-13. (post-flight)

(6) Naumann, R. J. and Herring, H. W.: "Experiment TV102, Immis-
cible Liquids." In Materials Processing in Space, Early Experi-
ments, NASA SP-443, 1980. (post-flight)

(7) Bannister, T. C.: Skylab III and IV Science Demonstrations
Preliminary Report. NASA TM X-64835, pp. 8-13. (post-flight)

(8) Immiscible Liquids (SD19-TV102). In MSFC Skylab Mission
Report - Saturn Workshop, NASA TM X-64814, October 1974, p. 12-
89.

(9) Input received from Principal Investigator, L. L. Lacy, July
1993.

(10) Input received from Co-Investigator G. H. Otto, August 1993.

Contact(s):

Dr. Lewis L. Lacy

B. J. Services Company, U.S.A.
Research & Technology Center
11211 FM 2920

Tomball, TX 77375

Dr. Gunther H. Otto
DLR Linder Héhe
D-51147 Koéln
Germany
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Principal Investigator(s): Lacy, L. L. (1), Ang, C. Y. (2)
Co-Investigator(s): Unknown

Affiliation(s): (1) During ASTP: National Aeronautics and Space
Administration (NASA), Marshall Space Flight Center (MSFC) ,
Huntsville, Alabama, Currently: B. J. Services Company, Research
& Technology Center, Tomball, Texas; (2) During ASTP: The
Aerospace Corporation, Los Angeles California, Currently:
Deceased

Experiment Origin: USA

Mission: ASTP

Launch Date/Expt. Date: July 1975

Launched From: NASA Kennedy Space Center, Florida

Payload Type: ASTP Docking Module Payload

Processing Facility: Multipurpose electric gradient furnace lo-
cated in the ASTP docking module

Builder of Processing Facility: Unknown, possibly Westinghouse
Astronuclear Laboratory, Large, Pennsylvania

Experiment:
Monotectic and Synthetic Alloys (MA-044)

This ASTP experiment was the second in a series of investigations
designed by Lacy et al. to study the low-gravity behavior of im-
miscible systems (see Lacy, Skylab SL-4). The specific objec-
tives of the space research were to (1) study the phase segrega-
tion of the immiscible binary system Pb-Zn and (2) determine the
effects of low-gravity processing on the microstructural
homogeneity and stoichiometry of an AlSb semiconductor compound.

Prior to the mission, three identical samples of the following
two compositions were prepared for the experiments: (1) 20 at.3
Pb - 80 at.% Zn and (2) 50 at.% Al - 50 at.$ Sb (intermetallic
composition). Three stainless steel cartridges, each containing
two graphite ampoules (one sample per ampoule), held the six
samples. Each AlSb sample was contained in an ampoule 11.9 mm in
diameter, 29.0 mm long and each Pb-Zn sample was contained in an
ampoule 9.9 mm in diameter, 19.0 mm long. The three cartridges
were configured into three cavities within the ASTP Multipurpose
Electric Furnace. Each of these three cavities had a short hot
zone and longer gradient zone.

During the first 200 minutes of the space experiments (1) the
AlSb samples were heated to 1403 K (50 K above the melt
temperature) and (2) the Pb-Zn samples were heated to 1108 K (40
K above the consulate temperature). After the desired tempera-
tures were reached, the samples were subjected to an isothermal
soak for 1 hour. This soak was followed by a 6.5 hour cool-down
period of all samples. (See Reference (4) for a plot of the
samples’ thermal history.) Ground-based tests were also per-
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formed using similar samples and thermal histories.

Post-flight characterization of the samples included (1) metal-
lography, (2) quantitative microstructural analysis, (3) scanning
electron microscopy, (4) energy dispersive X-ray analysis, (5)
electrical resistivity measurements, (6) X-ray diffraction, (7)
chemical analysis, and (8) ion-microprobe mass analysis.

Analysis of the AlSb samples revealed that the low-g samples had
significantly more macroscopic and microscopic homogeneity than
the 1-g samples. Specifically, the low-g samples contained 4 to
20 times 1less unwanted secondary phase than the 1-g material.
Major grains of an Al-rich or Sb-rich phase were present in the
1l-g samples while the space-processed material contained only
small amounts of an Al-rich phase. Analysis of the diffusion and
liquid-state homogenization in the 1-g and low-gravity samples
indicated that convection induced by gravity resulted in composi-
tional and microstructural inhomogeneity during solidification.

Although the Pb-Zn material was soaked 40 K above the reported
consulate temperature, incomplete 1liquid-state mixing was ob-
served in the low-gravity samples. A fine particle dispersion of
Pb in the 2Zn matrix was indicated, but the majority of the Pb
remained in its original position. It was suspected that the ac-
cepted phase diagram for the Pb-Zn system may have contained a
significant inaccuracy. Further research (see Reference (10))
indicated that the accepted miscibility curve between 20 at.$% 2Zn
and 70 at.% Zn is as much as 20 °C too low. Also, the quasi-
solid-state djiffusion coefficient of Pb into Zn was found to be
2.4 x 10°° cm /sec, which was about two orders of magnitude smal-
ler than that expected from 1-g experiments. Therefore, it is
possible that the melt was never completely mixed during the low-
gravity experiment.

<Note: Further details of the analysis and results for all
samples may be located in Reference (4).>

Key Words: Systems Exhibiting a Miscibility Gap, Melt and
Solidification, Directional Solidification, Immiscible Alloys,
Monotectic Compositions, Intermetallics, Binary Systems, Diffu-
sion, Diffusion Coefficient, Segregation, Phase Segregation,
Buoyancy-Driven Convection, Composition Distribution, Dispersion,
Liquid/liquid Dispersion, Particle Dispersion, Liquid Mixing,
Sample Homogeneity, Multiphase Media, Liquid/Liquid Interface,
Solid/Liquid Interface, Thermal Soak, Thermal Gradient, Sample
Microstructure, Grain Structure, Superconductivity, Semiconduc-
tors, Electronic Materials, Incomplete Sample Processing
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Number of Samples: six
Sample Materials: three samples each of (1) 20 at.% Pb - 80 at.%
Zn and (2) 50 at.% Al - 50 at.% Sb (AlSb intermetallic)

(Pb*Zn*, Al*Sb¥)

Container Materials: graphite ampoules with stainless steel
cartridges

(C*)

X

(=)
Cl

Experiment/Material Applications:

The Pb-Zn material (like the AlSb alloy) was chosen because sig-
nificant specific gravity differences between the components
prevent adequate mixing on Earth. Reducing the effects of
gravity could lead to a fine dispersion of superconducting Pb
particles within the Zn matrix. (Pb-Zn is also a good material
for modeling the behavior of immiscible systems.)

AlSb may be a more efficient solar cell material than commonly-
used silicon.

References/Applicable Publications:

(1) Ang, C. Y. and Lacy, L. L.: Gravitational Influences on the
Liquid-State Homogenization and Solidification of Aluminum An-
timonide. Metallurgical Transactions A, Vol. 10A, May 1979.

(2) Lacy, L. L. and Ang, C. Y.: Low Gravity Homogenization and
Solidification of Aluminum Antimonide. In Material Sciences in
Space with Applications to Space Processing, AIAA Progress Series
in Astronautics and Aeronautics, Edited by Leo Steg, Vol. 52, p.
523, 1977.

(3) Lacy, L. L. and Trahan, J. F.: Determination of Ligquid Phase
Immiscibility in the Lead Zinc System. Material Science and En-
gineering, Vol. 33, p. 249, 1978.

(4) Lacy, L. L. and Ang, C. Y.: Monotectic and Synthetic Alloys.
In Apollo Soyuz Test Project Summary Science Report, Vol. 1, NASA
SP-412, pp. 403-428, 1977. (post-flight)

(5) Boese, A., McHugh, J., and Seidensticker, R.: Multipurpose
Electric Furnace. In Apollo-Soyuz Test Project Summary Science
Report, Vol. I, NASA SP-412, pp. 353-365 (post-flight)

(6) Lacy, L. L. and Ang, C. Y.: Monotectic and Synthetic Alloys
Experiment MA-044. In Apollo-Soyuz Test Project-Composite of
MSFC Final Science Report, NASA TM X-73360, January 1977, pp. IV-
1 - IV-51. (post-flight)
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(7) Naumann, R. J. and Mason, E. D.: Monotectic and Synthetic
Alloys. 1In Summaries of Early Materials Processing in Space Ex-
periments, NASA TM-78240, August 1979, pp. 58-59. (post-flight)

(8) Input received from Principal Investigator L. L. Lacy, July
1993.

Contact(s):

Dr. Lewis L. Lacy

B. J. Services Company, U.S.A.
Research & Technology Center
11211 FM 2920

Tomball, TX 77375
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Principal Investigator(s): Larson, D. J., Jr. (1)
Co-Investigator(s): Unknown

Affiliation(s): (1) Grumman Aerospace Corporation, Bethpage, New
York

Experiment Origin: USA

Mission: ASTP

Launch Date/Expt. Date: July 1975

Launched From: NASA Kennedy Space Center, Florida

Payload Type: ASTP Docking Module Payload

Processing Facility: Multipurpose Electric Furnace (gradient
furnace) located in the ASTP docking module

Builder of Processing Facility: Westinghouse Astronuclear
Laboratory, Large, Pennsylvania

Experiment:
7Zero-G Processing of Magnets (MA-070)

Gravity-induced convection currents, produced during the direc-
tional solidification of eutectic alloys on Earth, contribute to
microstructural imperfections in the rod or lamellar structure.
In the low-gravity environment (1) the strength of such currents
should be reduced and (2) the processing of eutectics with in-
creased magnetic coercivity may be possible.

This experiment was the first in a series of investigations
designed by Larson to study the directional solidification of
magnetic components in the space environment.

The experiment was performed in three furnaces, each of which
housed a single cartridge. Within each cartridge was a "Type 1
Ampoule," a "Type 2 Ampoule," and a "Type 3 Ampoule."
Reportedly, (1) each Type 1 Ampoule was constructed of pyrolytic
boron nitride and contained 50 at.% Bi, 50 at.% Mn, (2) each Type
2 Ampoule was constructed of pyrolytic boron nitride and con-
tained 8 at.% Ce, 92 at.% Cu and Co, and (3) each Type 3 Ampoule
was constructed of fused silica and contained 97.8 at.% Bi, 2.2
at.% Mn. (The Type 3 Ampoules were backfilled with argon to
"...suppress the possibility of thermal cavitation of the
bismuth-rich liquid.") (1, p. 456)

The experiment operating scenario was planned based on thermal
results from a prototype test. "It was anticipated that the
thermal environment for ampoule 1l... would be essentially
isothermal over the temperature range of solidification. Ampoule
2 was expected to be exposed to a thermal gradient of 30... [plus
or minus] 2 K/cm and ampoule 3 to a thermal gradient of 60 [plus
or minus] 3 K/cm." (1, p. 451) Reportedly, the samples were
heated to the operating temperature, held at this temperature for
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45 minutes, and then solidified by helium injection.

Reportedly, the flight samples were "...exposed to conditions
substantially different from planned conditions...." (1, p. 451).
For example (1) "The temperature gradient for ampoule 2...
[varied] from approximately 30 K/cm at the onset of directional
solidification to 23.5 K/cm at the conclusion of solidification"
(1, p. 451) and (2) "The thermal gradient [in ampoule 3] during
the period of maximum superheating was 80 K/cm; however, during
the period of solidification, it varied from only 10.9 K/cm at
the onset to 8.9 K/cm at the conclusion." (1, p. 451).

A detailed discussion of the objectives and results of each am-
poule type in terms wetting behavior was presented in Reference
(1). In general, it was reported that "Fluid static configura-
tions in a low-g environment were appreciably different than in
one—-g, but were found to agree well with theory." (1, p. 469).

Post-flight it was reported that "...directional solidification
was not achieved in the type 2 samples [Type 2 Ampoules], and the
magnetic  properties of the ground-based and flight samples were
essentially the same." (1, p. 463) However, "The samples of 50
atomic percent (at.%) Bi-50 at.% Mn [Type 1 Ampoules] solidified
in the low g environment demonstrated a substantial improvement

in the macroscopic chemical homogeneity. The Bi/MnBi direc-
tionally solidified eutectic flight samples exhibited markedly
superior magnetic properties. Intrinsic coercive strengths in

excess of 14 722 KkKA/m (185 kOe) have been measured in the low g
processed samples at a temperature of 77K. This strength exceeds
the maximum previously published value (8992 kA/m (113kOe)) by 64
percent. The average value of inductance was improved by 76 per-
cent and the energy product by 57 percent." (1, p. 449) Further
discussions of the magnetic analysis are presented in Reference

(1) .

Among the experimental conclusions reported were:
(1) "Macroscopic chemical segregation due to gravitationally de-
pendent buoyancy forces is minimal in low gravity." (1, p. 469)

(2) "The number and size distribution of orbitally processed
primary crystals 1is significantly different in the flight
samples." (1, p. 469)

(3) "The intrinsic coercive strengths of as-grown low-g MnBi/Bi

eutectic samples greatly exceed any values previously reported
for this magnetic composite (>60 percent)." (1, p. 469)
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(4) "The solidification product from the orbital processing of
the Bi/MnBi faceted rod eutectics differs in particle size and
shape, lattice parameter, and magnetic properties from equiv-
alently processed terrestrial samples." (1, p. 469)

Experiments related to this research can be found under Pirich,
SPAR 6 and 9 (this chapter).

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Eutectics, Faceted Eutectics, Magnetic Composites, Binary
Systems, Ternary Systems, Melt and Solidification, Directional
Solidification, Thermal Gradient, Isothermal Processing, Thermal
Soak, Superheating, Quench Process, Segregation, Buoyancy Ef-
fects, Particle Dispersion, Particle Size Distribution, Wetting,
Wetting of Container, Sample Homogeneity, Thermosolutal Convec-
tion, Buoyancy-Driven Convection, Buoyancy Effects Diminished,
Solid/Liquid Interface, Sample Microstructure, Lamellar Struc-
ture, Rod Structure, Magnetic Properties, Brittleness, Processing
Difficulties

Number of Samples: nine

Sample Materials: Type 1 Ampoules: 50 at.% Bi, 50 at.% Mn; Type 2
Ampoules: 8 at.% Ce, 92 at.% Cu and Co; Type 3 Ampoules: 97.8
at.% Bi, 2.2 at.% Mn.

(Mn*Bi*, Ce*Cu*Co*)

Container Materials: Ampoule Types 1 & 2: pyrolytic boron
nitride; Ampoule Type 3: fused silica (quartz)

(B*N*, Si*O%)

Experiment/Material Applications:

"Because of the brittleness and reactivity of most magnetic com-
pounds, powder metallurgy techniques principally have been used
to fabricate high-coercive strength magnets. Casting and
solidification techniques have been possible only in a limited
number of systems.

"Fabrication of high-coercive strength magnet materials from the
liquid state could lead to a marked reduction in processing steps

and hence in cost. The magnets would have theoretical density,
the fine particles would be protected from environmental attack,
the magnets would have a high degree of particle... [alignment],

and the magnets would only require a minimal amount of final
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machining...." (1, p. 450)

References/Applicable Publications:

(1) Larson, D. J., Jr.: Zero-G Processing of Magnets. In Apollo-
Soyuz Test Project, Summary Science Report, Vol. I, NASA SP-412,
pp. 449-470. (post-flight)

(2) Boese, A., McHugh, J., and Seidensticker, R.: Multipurpose
Electric Furnace. In Apollo-Soyuz Test Project, Summary Science
Report, Vol I, NASA SP-412, pp. 353-365. (post-flight)

(3) Larson, D. J.: Zero-G Processing of Magnets; Experiment MA-
070. In Apollo-Soyuz Test Project-Composite MSFC Final Science
Report, NASA TM X-73360, January 1977, pp. VI-1 - VI-53. (post-
flight)

(4) Prototype Test Report for MA-010 Experiment Cartridges.
Tech. Rep. WANL-TME-2867, Westinghouse Electric Corp.,
Astronuclear Lab., May 1975. (hardware description)

(5) Naumann, R. J. and Mason, E. D.: Zero-G Processing of Mag-
nets. In Summaries of Early Materials Processing in Space Ex-
periments, NASA TM-78240, August 1979, p. 62-63. (post-flight)

(6) Larson, D. J. and Pirich, R. G.: Low-G Bridgman Growth of
Eutectic MnBi/Bi Magnetic Composites. Fourth American Conference
of Crystal Growth, NBS, Gaithersburg, Maryland, July .1978.

(7) Pirich, R. G., Larson, D. J., and Busch, G.: Magnetic and
Metallurgical Properties of Directional Solidified Eutectic
MnBi/Bi Composites: The Effect of 0-g and Anneal. 24th Con-
ference on Magnetic Materials, Cleveland, Ohio, November 1978.

Contact(s):

Dr. David J. Larson, Jr.
Research Center A01-26
Grumman Corporation
Bethpage, NY 11714-3580
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Principal Investigator(s): Larson, D. J., Jr. (1)
Co-Investigator(s): Wilcox, W. R. (2)

Affiliation(s): (1) Grumman Aerospace Corporation, Bethpage, New
York; (2) Clarkson University, Potsdam, New York

Experiment Origin: USA

Mission: STS Launch #18, STS-025 (STS 51-G, Discovery)

Launch Date/Expt. Date: June 1985

Launched From: NASA Kennedy Space Center, Florida

Payload Type: STS Middeck Experiment

Processing Facility: Automated Directional Solidification Furnace
(ADSF-1, low temperature version)

Builder of Processing Facility: Originally built for the SPAR
program by General Electric (GE) Corporation, Large,
Pennsylvania; Refurbished by GE and then NASA Marshall Space
Flight Center, Huntsville, Alabama

Experiment:
Directional Solidification of Magnetically Aligned BiMn Alloy
(ADSF-1)

This investigation was the second in a series of experiments
designed by Larson to study the directional solidification of
magnetic composites in the space environment (see Larson, ASTP).
(Also related to this research are the experiments of Pirich,
SPAR 6 and SPAR 9, and Bethin, SPAR 10 which all can be found in
this chapter.)

During the mission, four modules within the Automated Directional
Solidification Furnace (ADSF) were employed to process both
eutectic and off-eutectic Bi/MnBi magnetic composites. The ADSF
was programmed to automatically process the samples over a period
of 3 days, largely during astronaut sleep periods. While a fur-
nace temperature of 485 °C and a thermal gradient of ap-
proximately 100 °C/cm was desired for all of the samples, varying
furnace translation rates were chosen for each of the modules.

Post-flight analysis of the telemetry record indicated that only
one of the furnaces had translated from its starting position.
This sample, which was successfully directionally solidified, had
a constant furnace translation rate of 0.64 cm/h. “"The other
samples were melted, held at temperature for long periods, and
radially[sic] cooled (furnace cooled)... [FJor each of the cases
without translation there is only a record of the furnace "hold"
temperature and no record of the sample cooling rate that oc-
curred when the furnaces were cooled. Thus, the samples that did
not translate offer only a record of a fluid static geometry and
some possible qualitative observations regarding morphology." (2,
p. 13). Analysis efforts centered, therefore, on the direc-
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tionally solidified, translated sample.

The flight sample was compared to samples processed on Earth.
The actual thermal gradient impacted to the translated flight
sample was calculated to be 124 oC/cm, (higher than the ground-
based gradient, 107 °c/cm). This higher gradient was attributed
to a reduction of convective flow in the low-gravity environment.
The STS sample, which had a nonwetting melt/crucible configura-
tion, was found to have increased porosity over ground-processed
samples. The sample microstructure exhibited a longitudinal mac-
rosegregation pattern that was "...consistent with theoretical
models for diffusion-controlled growth. These data support the
conclusion that the thermosolutal convection (lighter solute
rejected ahead of the advancing solidification interface), ex-
perienced during ground-based solidification, has been effec-
tively damped by the microgravity environment and that diffusion-
controlled growth has been achieved.

"However, the region of two-phase, steady-state, diffusion-
controlled growth was not isocompositional, as anticipated from
theory." (2, p. vi) It was concluded that Soret diffusion was
responsible for this macrosegregation. It was noted that in-
creased suppression of the convective currents could be achieved
by orienting the sample to reduce orbiter residual gravity con-
tributions.

"Extensive ground-based experiments were conducted attempting to
damp the thermosolutal convection or minimize its influences.
These included growth orientation relative to gravity, thermal
gradient variation (longitudinal and radial), velocity variation,

and applied magnetic fields. None have approached diffusion-
controlled growth, and the magnetic fields were detrimental,
causing increased convection. As a consequence, we have con-

cluded that the flight result is unique." (5, p. Vi)

Further discussion of the three non-translating samples was not
provided.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Eutectics, Faceted Eutectics, Magnetic Composites, Binary
Systems, Two-Phase System, Melt and Solidification, Directional
Solidification, Bridgman Technique, Thermal Gradient, Thermal
Soak, Furnace Translation, Segregation, Macrosegregation, Wet-
ting, Non-Wetting of Container, Buoyancy Effects, Homogeneity,
Thermosolutal Convection, Buoyancy-Driven Convection, Buoyancy
Effects Diminished, Diffusion, Soret Diffusion, Diffusion-
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Controlled Growth, Multiphase Media, Composition Distribution,
Solid/Liquid Interface, Translation Rate, Sample Microstructure,
Porosity, Thermal Environment More Extreme Than Predicted, Ac-
celeration Effects, Magnetic Fields, Processing Difficulties,
Hardware Malfunction

Number of Samples: four

Sample Materials: bismuth-manganese (Bi/MnBi) (The specific
composition of each of these samples was not detailed.) <Note:
Although the Principal Investigator reported that Reference (5)
listed the specific compositions of each of the samples, these
compositions could not be resolved from Reference (5).>
(Bi*Mn*Bi*)

Container Materials: unknown

Experiment/Material Applications:

These investigations and subsequent space experiments hope to
",...demonstrate the feasibility of producing improved magnetic
composite materials for commercial use. These materials could
lead to smaller, lighter, stronger and longer-lasting magnets for
electrical motors used in aircraft and guidance systems, surgical
instruments and transponders." (1, p. 22.)

References/Applicable Publications:
(1) Space Shuttle Mission 51-G. NASA Press Kit, June 1985, p.
22. (preflight)

(2) Larson, D. J., Jr., Bethin, J., and Dressler, B. S.: Shuttle
Mission 51-G, Experiment MPS77F075, Flight Sample Characteriza-
tion Report. Report RE-753, August 1988, Grumman Corporate Re-
search Center, 43 pp. (post-flight)

(3) Automated Directional Solidification Furnace (ADSF): A Space
Shuttle Materials Processing Middeck Payload. Document Developed
by Teledyne Brown Engineering under the direction of the Applica-
tion Payload Projects, Spacelab Payload Projects Office, Marshall
Space Flight Center, Huntsville, Alabama. (processing facility
and preliminary post-flight experiment results)
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(4) Automated Directional Solidification Furnace. In
Microgravity Science and Applications Experiment Apparatus and
Facilities, document developed by the Commercialization of
Materials Processing in Space Group, Program Development Direc-
torate, Marshall Space Flight Center, pp. 6-7. (processing
facility)

(5) Larson, D. J., Jr. and Thompson, B. S.: Off-Eutectic Bi/MnBi
Solidification and Soret Transport. Research Report RE- Volume
2, Solid State Physics Research Directorate, Grumman Corporate
Research Center, Bethpage, New York, Final Report on Experiment
MPS77F075, 41 pp. (post-flight) '

(6) Input received from Principal Investigator D. Larson, August
1993.

Contact(s):

Dr. David J. Larson, Jr.
Research Center A01-26
Grumman Corporation
Bethpage, NY 11714-3580

Dr. William R. Wilcox
126 01d Main Bldg.
Clarkson University
Potsdam, NY 13699
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Principal Investigator(s): Larson, D. J., Jr. (1)
Co-Investigator(s): None

Affiliation(s): (1) Grumman Aerospace Corporation, Bethpage, New
York

Experiment Origin: USA

Mission: STS Launch #26, STS-26

Launch Date/Expt. Date: September 1988

Launched From: NASA Kennedy Space Center, Florida

Payload Type: STS Middeck Experiment (entire flight package oc-
cupied the space of five crew lockers in orbiter middeck)
Processing Facility: Automated Directional Solidification Furnace
(ADSF): Four furnace modules each of which processed a single
sample. The ADSF was first used aboard sounding rockets, then
refurbished for orbiter compatibility including an extended
operating time of up to 20 hours.

Builder of Processing Facility: Originally built by General
Electric Corporation, Large, Pennsylvania; refurbished by General
Electric, NASA Marshall Space Flight Center, Huntsville, Alabama
and Teledyne Brown Engineering, Huntsville, Alabama

Experiment:
Directional Solidification of a Magnetic Composite Using the
Automated Directional Solidification Furnace (ADSF)

This experiment was the fourth in a series of experiments
designed by Larson to investigate the directional solidification
of magnetic composites in the space environment (see Larson, ASTP
and STS-025 (this chapter), and STS-032 (Chapter 14)).

Four furnaces, (each capable of processing one Mn-Bi magnetic
composite sample), were housed in the Automated Directional
Solidification Furnace facility. The furnaces were designed to
traverse the samples, processing them at a constant melting and
solidification speed of 1 cm/h. A processing time of 10.5 hours
per sample was expected. Space-produced samples were to be com-
pared to (1) similarly processed Earth-produced samples, (2) ear-
lier processed Shuttle samples (see Larson STS-025 and STS-032)
and (3) earlier processed sounding rocket samples (see Pirich
SPAR 6, SPAR 9, and Bethin, SPAR 10 (all in this chapter)).

Reportedly, "...only one of the experiment’s four furnaces trans-
lated, or resolidified, successfully during the ADSF experi-
ment...." (2, p. 1) This furnace "...translated 4.4 cm and then

stopped, holding the last portion of the sample to solidify in
the thermal gradient for approximately 2.5 h before furnace shut-
down. Solidification from this static thermal position would be
described as gradient freeze since the thermal gradient extended
from the stationary solid-liquid interface beyond the end of the
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sample prior to and during cooling." (5, p. 14)

(Reportedly, the non-translated samples were analyzed "...as fur-
nace cooled samples, with gradient freeze and radially cooled
regions rather than as directionally solidified samples." (5, p.
14))

<Note: Reference (5) appears to further discuss results related
to the translated sample, although specific details of the sample
analysis were not clear. Reference (5) stated:>

"The influences of gravitationally-dependent effects on Bridgman-
Stockbarger crystal growth of Bi/MnBi eutectics were investigated
by conducting microgravity damping experiments on the STS-26
flight of the Space Shuttle ’‘Columbia’, and magnetic field damp-
ing experiments at the Grumman Research Center and at the Francis
Bitter National Magnet Laboratory, using transverse and lon-
gitudinal applied magnetic fields, respectively. These test
results were quantitatively compared to undamped one-g baseline
results where the gravitational vector was varied relative to the
solidification direction. Both microgravity processing and ap-
plied magnetic fields were shown to be effective means of damping
the natural gravitationally-dependent convection normally encoun-
tered terrestrially during Bi/MnBi eutectic solidification.
Diffusion-controlled growth during Bridgman-Stockbarger crystal
growth was achieved within the Bi/MnBi eutectic in the course of
the damped experiments." (5, p. iii)

Please refer to Reference (5) for additional information.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Eutectics, Magnetic Composites, Binary Systems, Melt and
Solidification, Directional Solidification, Bridgman Technique,
Thermal Gradient, Furnace Translation, Segregation, Buoyancy Ef-
fects, Homogeneity, Thermosolutal Convection, Buoyancy-Driven
Convection, Buoyancy Effects Diminished, Diffusion, Diffusion-
Controlled Growth, Multiphase Media, Composition Distribution,
Solid/Liquid Interface, Translation Rate, Sample Microstructure,
Magnetic Fields, Hardware Malfunction, Furnace Malfunction,
Processing Difficulties

Number of Samples: four

Sample Materials: manganese-bismuth composites (specific composi-
tions unknown)
(Mn*Bi*)
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Container Materials: quartz
(Si*0%*)

Experiment/Material Applications:

The investigations were "...designed to demonstrate the pos-
sibility of producing lighter, stronger, and better-performing
magnetic composite materials in a microgravity environment." (1,
p. 26)

See also Larson, STS-025.

References/Applicable Publications:
(1) NASA Press Kit: Space Shuttle Mission STS-26. September 1988,
pp. 26-28. (preflight)

(2) Investigators Examining Every Particle of Data from STS-26
Experiments. In NASA Marshall Star Newspaper, Vol. 29, Number 16,
November 16, 1988, NASA Marshall Space Flight Center, Huntsville,
Alabama, p. 1. (post-flight, very short description)

(3) Dumoulin, J. M.: STS-26 Experiment: Automated Directional
Solidification Furnace. NASA Fact Sheet, George C. Marshall
Space Flight Center, June 1988. (preflight)

(4) Seven Marshall Payloads to Fly on STS-26 in June. Marshall
Star, Vol. 28, No. 5, October 7, 1987, pp. 1-2 (preflight; very
short description)

(5) Larson, D. J., Jr. and Thompson, B. S.: Bi/MnBi Eutectic
Solidification. Research Report RE, Volume 1, Solid State
Physics Research Directorate, Grumman Corporate Research Center,
Bethpage, New York, Final Report on Experiment MPS77F075, 41 pp.
(post-flight)

(6) Input received from Principal Investigator D. Larson, August
1993.

Contact(s):

Dr. David J. Larson
Research Center A01-26
Grumman Corporation
Bethpage, NY 11714-3580
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Fred Reeves

ADSF Project Manager

FA24

NASA Marshall Space Flight Center, AL 35812
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Principal Investigator(s): Gelles, S. H. (1), Markworth, A. J.
(2)

Co-Investigator(s): Unknown

Affiliation(s): (1) During SPAR 2: Battelle, Columbus, Ohio,
Currently: S. H. Gelles Associates, Columbus, Ohio; (2) Engineer-
ing Mechanics Department, Battelle Memorial Institute, Columbus,
Ohio

Experiment Origin: USA

Mission: SPAR 2

Launch Date/Expt. Date: May 1976

Launched From: White Sands Missile Range, New Mexico

Payload Type: Sounding Rocket Experiment

Processing Facility: FWD (Forward) General Purpose Rocket Furnace
(GPRF)

Builder of Processing Facility: Unknown

Experiment:
Agglomeration in Immiscible Ligquids (74-30/1)

Various mechanisms, which result in the agglomeration of liquid
droplets in the host liquid on Earth, are not active in a low-
gravity environment:

(1) gravity-dependent Stokes flow (which is the movement of
droplets caused by density differences between the liquids) and

(2) gravity-induced convection currents (which result in droplet
collisions).

This SPAR 2 experiment was the first in a series of investiga-
tions designed by Gelles et al. to study the low-gravity
solidification behavior of immiscible liquids. The specific ob-
jective of the experiment was to determine the effect of gravity
on the structure of two Al-In alloys when cooled through the mis-
cibility gap at a controlled rate.

Prior to the rocket launch, two Al-In samples were prepared: (1)
Al-40 wt.% In and (2) Al-70 wt.% In. The pure components of each
alloy were placed (In on top of Al, in proper proportion) within
alumina crucibles. (Pure components, rather than an alloy, were
used "...because greater control of the final alloy composition
could be effected in this manner with a system highly prone to
macrosegregation." (8, p. 432)) A thermocouple was included in
the Al-40 wt.% In system. The two crucibles were enclosed in a
stainless steel cartridge and the top cap was welded in place.
The cartridge then was subjected to an evacuation/He back-filling
process until a final pressure of 1.5 x 10 ¢ MPa was attained.
Testing indicated no He leakage within detectable levels. (See
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Reference (8) for further sample preparation details.) The
cartridge was placed in one of the three chambers of the SPAR 2
General Purpose Rocket Furnace (GPRF).

Prior to the rocket launch (t = -900 seconds), the samples were
heated to about 950 °C (above the miscibility gap) and held at
this temperature up to 154 seconds into the flight (t = + 154
seconds) . (Reportedly, a 970 °c hold temperature was intended,
but this temperature discrepancy was not considered important.)
At t = +154 seconds, cooling of the samples was initiated by a He
gas quench. It was reported that at t = +176, the temperature
was 614 ©C and at t = +269 seconds, the temperature was 155 °cC.

Some rocket spin characteristics during the mission were
reported. At t = +30 seconds, the rocket was spinning at a rate
of 240 rpm about its longitudinal axis; at t = +60 seconds, a
rapid despin procedure was initiated.

Ground-based experiments were conducted and the terrestrially
processed materials were compared to the flight samples. The
post-flight analysis of the two SPAR samples included
radiographic and metallographic analysis. The following conclu-
sions from these studies were reported:

(1) Examination of the 1-g processed samples indicated a layered
structure with Al-rich regions at the top and In-rich regions at
the bottom. A theoretical model to explain the macro- and
microstructures of these samples was provided (see Reference

(2)).

(2) The type of macrostructure which resulted from low-gravity
processing was unexpected: both the 40 wt.% In sample and the 70
wt.% In sample exhibited an annular In region surrounding an Al-
rich core. These results were attributed to fluid flow occurring
in the low-gravity environment. (An analysis of the possible
fluid flow sources within this system was provided.)

(3) Of the fluid flow sources possible in the low-gravity en-
vironment, thermocapillary convection and conventional convection
were probably active. It was suspected that capillary flow also
was active, although this analysis had not yet been completed at
the time the available references were published. It was
reported that fluid motion due to rocket spin was not sig-
nificant.

(4) Calculation of the equilibrium configuration of Al and In un-
der low-gravity conditions (based on known surface energy data of
the components and estimated interfacial energy data from similar
systems) closely agreed with that found for the flight samples
and other past results.
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(5) Bond number determinations (the ratio of gravity and surface
tension forces) indicated that surface tension forces in this al-
loy system are dominant under low-gravity conditions.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible
Fluids, Immiscible Alloys, Metals, Binary Systems, Melt and
Solidification, Homogeneity, Drops, Droplet Agglomeration, Drop
Migration, Stokes Flow, Density Difference, Droplet Collision,
Surface Tension, Surface Energy, Interfacial Energy, Buoyancy-
Driven Convection, Thermocapillary Convection, Surface Tension-
Driven Convection, Marangoni Convection, Capillary Flow, Separa-
tion of Components, Phase Separation, Macrosegregation,
Solid/Liquid Interface, Liquid/Liquid Interface, Quench Process,
Sample Microstructure, Composition Distribution, Acceleration Ef-
fects, Rocket Motion, Superconductors

Number of Samples: two

Sample Materials: (1) aluminum-40 wt.% indium and (2) aluminum-70
wt.% indium

(Al*In* )

Container Materials: alumina, Al,03, crucibles contained in
stainless steel cartridge

(A1*0%)

Experiment/Material Applications: Several systems exhibit a lig-
uid phase miscibility gap. Some of these materials may be used
for applications such as electrical contacts, permanent magnets,
or bearings. Potential applications include superconductors, su-
perplastic materials, and catalysts.

References/Applicable Publications:

(1) Gelles, S. H. and Markworth, A. J.: Agglomeration in Immis-
cible Liquids. 1In Space Processing Applications Rocket Project,
SPAR II Final Report, NASA TM-78125, pp. VI-1 - VI-53, November
1977. (post-flight report)

(2) Toth, S. and Frayman, M.: Measurement of Acceleration Forces
Experienced by Space Processing Applications. Goddard Space
Flight Center, Contract No. NAS5-23438, Mod. 23, ORI, Inc., Tech-
nical Report 1308, March 1978. (acceleration measurements, SPAR
1-4)
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(3) Agglomeration in Immiscible Liquids at Low Gravity. In
Descriptions of Space Processing Applications Rocket (SPAR) Ex-
periments, Edited by R. J. Naumann, NASA TM-78217, January 1979,
pp. 15-16. (post-flight)

(4) Gelles, S. H. and Markworth, A. J.: Microgravity Studies in
the Liquid Phase Immiscible System, Al-In. AIAA Paper 77-122,
January 1977.

(5) Moak, D. P., Griesenauer, N. M., and Gelles, S. H.: Under-
cooling of Materials During Solidification in Space. NASA CR-
120750, April 1975.

(6) Gelles, S. H. and Markworth, A. J.: SPAR II Experiment No.
74-30 Agglomeration in Immiscible Liquids. Final Post-Flight
Report to NASA Marshall Space Flight Center, December 1976, Bat-
telle Columbus Laboratories, 56 pp. (post-flight)

(7) Gelles, S. H. and Markworth, A. M.: Agglomeration in Immis-
cible Liquids; Applications of Space Flight in Materials Science
and Technology. Proceedings of a Conference Held at the National
Bureau of Standards, Gaithersburg, Maryland, April 20-21, 1977,
issued September 1978, pp. 25-39. (post-flight)

(8) Gelles, S. H. and Markworth, A. J.: Microgravity Studies in
the Liquid-Phase Immiscible System: Aluminum-Indium. AIAA Jour-
nal, Vol. 16, No. 5, May 1978, pp. 431-438. (post-flight)

(9) Input received from Principal Investigator A. J. Markworth,
June 1993.

Contact(s):

Dr. Stanley H. Gelles
S. H. Gelles Associates
2836 Fisher Road
Columbus, OH 43204

Dr. Alan J. Markworth
Engineering Mechanics Department
Battelle Memorial Institute

505 King Avenue

Columbus, OH 43201-2693
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Principal Investigator(s): Gelles, S. H. (1), Markworth, A. J.
(2)

Co-Investigator(s): Unknown

Affiliation(s): (1) During SPAR 5: Battelle, Columbus, Ohio,
Currently: S. H. Gelles Associates, Columbus, Ohio; (2) En-
gineering Mechanics Department, Battelle Memorial Institute,
Columbus, Ohio

Experiment Origin: USA

Mission: SPAR 5

Launch Date/Expt. Date: September 1978

Launched From: White Sands Missile Range, New Mexico
Payload Type: Sounding Rocket Experiment

Processing Facility: General Purpose Rocket Furnace (GPRF)
Builder of Processing Facility: Unknown

Experiment:
Agglomeration of Immiscible Liquids (74-30)

Following the SPAR 2 experiment concerning the solidification of
Al-In alloys (see Gelles, SPAR 2), ground-based studies were con-
ducted on the Al-In system to further investigate the SPAR 2
results and to prepare for the SPAR 5 experiment. These ter-
restrial studies included (1) spin-up and despin experiments
(simulating the spin-up and despin actions of a sounding rocket),
(2) Differential Thermal Analysis (DTA) measurements of equi-
librium Xkinetics (to determine the homogenization rate of the
ligquid Al-In alloys), and (3) Al-In interdiffusion coefficient
determinations. Results from these studies coupled with examina-
tions of the SPAR 2 flight samples, indicated that the massive
separation observed in the SPAR 2 samples may have been due to
the inhomogeneity of the material prior to solidification. It
was suspected that this initial concentration gradient con-
tributed to the observed unexpected segregation.

This SPAR 5 experiment was the second in a series of investiga-
tions designed by Gelles et al. to study the low-gravity
solidification behavior of immiscible liquids (see Gelles, SPAR
2). The specific objectives of the experiment were to (1) deter-
mine if the results from the SPAR 2 investigation were due to
concentration gradients probably present in the samples prior to
the cool down phase and (2) determine if different alloy composi-
tions from those of the SPAR 2 experiment would also show massive
separation.

During the SPAR 5 mission, two chambers of the General-Purpose
Rocket Furnace (GPRF) were used to process four samples: (1) Al-
30 wt.% In, (2) Al-40 wt.% In, (3) Al-70 wt.% In, and (4) Al-90
wt.% In. Samples 2 and 3 were the same compositions processed
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during the SPAR 2 experiment. The sample preparation, cartridge
design, and experimental procedure were essentially the same as
that for the SPAR 2 experiment (see Gelles, SPAR 2) with the fol-
lowing exceptions: (1) a thermocouple was not included in the
cartridge containing the 30 and 90 wt.% In alloys, (2) the sample
hold temperatures were slightly different (about 980 °C for SPAR
5 versus 950 °C for SPAR 2)6 and (3) the pre-launch times that
samples were held above 980 “C were different (16 hours for SPAR
5 versus 15 minutes for SPAR 2). A thermocouple was included in
the capsule containing the 40 and 70 wt.% In alloys.

The SPAR 5 experiment sequence proceeded as follows: after hold-
ing the samples at 980 ©C for 16 hours, the rocket was launched
(t = 0 seconds). At t = +68 secondsg, the rocket despin procedure
began. Low-gravity conditions (10™° g) were achieved at t = +84
seconds. At t = 4160 seconds cooldown of the samples was in-
itiated. The end of the low-gravity period was estimated to be
329 seconds after launch with (1) solidification of the 40 and 70
wt.% In alloys completed at approximately t = + 392 seconds and
(2) solidification of the 30 and 90 wt.% In alloys completed at
approximately t = + 352 seconds.

Reportedly, the thermocouple included in the capsule containing
the 40 and 70 wt.% alloys "...failed by fracturing at the base of
the cartridge during preparation for the flight." (1, p. IV-59)
Estimated cooling rates were 10.0 ©C/sec for the 40 and 70 wt.%
In samples and 10.6 °C/sec for the 30 and 90 wt.% In samples.

"It should be noted... that the cooling rates experienced during
SPAR [5] were somewhat lower than desired... ([approximately] 10
C/second vs. the goal of 14 C/second).... [Tlhis factor has led

to the likelihood that the indium-rich phase was still liquid at
the end of the low-g (<1 X 10_3g) period. Although this factor
is not expected to alter the general conclusions of the study, it
does introduce some uncertainty in the results. The absence of a
thermocouple internal to the melt adds further to the degree of
uncertainty in the results." (1, p. IV-62)

Post-flight examination of the flight samples included radiog-
raphy and optical microscopy studies. The results from the 40
and 70 wt.% In alloys were similar to those from the SPAR 2
experiment: the flight samples consisted of a macroscopically
sized Al-rich core surrounded by an In-rich alloy. Samples
processed on Earth consisted of a layered structure. Subtle dif-
ferences between the SPAR 2 and SPAR 5 samples were attributed to

the different cooling rates. The structure of the low-gravity
processed, 30 wt.% In alloy was very similar to the 40 wt.% In
flight alloy "...and thus provided little further understanding
of the phase separation process. The 90 weight percent alloy,
however, did provide some new insight into the mechanisms that
may be contributing to massive phase separation. Most notable

17-39



among the observations made on the alloy is the presence of an
annular zone denuded of aluminum-rich spheres around the mas-
sively separated aluminum-rich core. This observation, coupled
with the fact that there is an increasing concentration of
aluminum-rich spheres close to the central core, has provided
evidence supporting the theory that the aluminum-rich spheres
have migrated from the outer regions of the alloy into the inte-
rior, presumably under the action of surface tension gradients."
(1, p. IV-9) These results, as well as those from the SPAR 2 ex-
periment, led to the following conclusions:

(1) Massive separation in the flight samples was not due to a
lack of homogeneity in the melt at the beginning of the cooling
period.

(2) It was likely that surface tension driven flows were active
and were significant in forming the observed structures in both
the SPAR 2 and SPAR 5 samples (see Reference (1) for further
details).

(3) It was highly probable that migration of Al-rich droplets in
the In-rich flight samples was due to thermocapillary migration.
This was evidenced by particle coalescence, a process which
reduces the probability of particle pushing by the solidification
front.

(4) No microstructural or macrostructural effects could be at-
tributed to the failure of the samples to solidify prior to the
end of the low-gravity period.

(5) "Ground-based experiments conducted on rapidly cooled
aluminum-indium alloys have shown the phase separation to be ex-
tremely sensitive to composition with regions near the critical
composition providing massively separated phases which nucleated
and grew in much less than a second." (1, p. IV-100) This in-
stability was attributed to the (1) high volume fraction of the
second phase and (2) close proximity of neighboring droplets.

(6) There was evidence that in the Al-rich region of the mis-
cibility gap, the In-rich phase nucleated at the crucible wall
during cooling. This nucleation was attributed to the wetting
properties of the materials. As the In-rich content increases,
the tendency for Al-rich droplets to nucleate at the crucible
wall increases.
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Key Words: Systems Exhibiting a Miscibility Gap, Immiscible
Fluids, Immiscible Alloys, Metals, Binary Systems, Melt and
Solidification, Cooling Rate, Sample Homogeneity, Drops, Droplet
Agglomeration, Drop Coalescence, Drop Migration, Density Dif-
ference, Surface Tension, Surface Energy, Interfacial Energy,
Free Surface, Buoyancy-Driven Convection, Thermocapillary Convec-
tion, Surface Tension-Driven Convection, Marangoni Convection,
Marangoni Movement of Droplets, Capillary Flow, Diffusion, Inter-
diffusion, Diffusion Coefficient, Separation of Components,
Segregation, Phase Separation, Solutal Gradients, Surface Tension
Gradients, Solid/Liquid Interface, Liquid/Liquid Interface,
Quench Process, Sample Microstructure, Composition Distribution,
Precipitation, Nucleation, Nucleation Sites, Wetting, Wetting of
Container, Crucible Effects, Material Interaction with Contain-
ment Facility, Rocket Motion, Vehicle Re-Entry Forces/Vibration,
Hardware Malfunction, Incomplete Sample Processing, Superconduc-
tors

Number of Samples: four

Sample Materials: aluminum-indium alloy with 30, 40, 70 and 90
wt.% indium

(Al*In*)

Container Materials: alumina, Al,05, crucibles contained in
stainless steel cartridge

(A1*0O%*)

Experiment/Material Applications:
See Gelles, SPAR 2

The 30 wt.% In alloy was employed in this experiment to determine
the effect of a smaller In concentration on the tendency toward
massive separation. The 90 wt.% In alloy was selected because
(1) the precipitating phase has a low concentration and (2) the
tendency of Al droplets to precipitate at the crucible walls
(analogous to In precipitation in high-Al concentration alloys)
could be investigated.

References/Applicable Publications:

(1) Gelles, S. H. and Markworth, A. J.: SPAR V Experiment No. 74-
30 Agglomeration in Immiscible Liquids. In Space Processing Ap-
plication Rocket Project, SPAR V Final Report, August 1980, NASA
TM-78275, pp. IV-i - IV-105. (post-flight)
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(2) Gelles, S. H. and Markworth, A. J.: Low Gravity Experiments
on Liquid Phase Miscibility Gap (LPMG) Alloys-Materials Experi-

ment Assembly. In Proceedings of the 4th European Symposium on
Materials Sciences Under Microgravity, Madrid, Spain, April 5-8,
1983, ESA SP-191, June 1983, pp. 307-312. (SPAR and STs
experimentation)

(3) Agglomeration in Immiscible Liquids at Low Gravity. In
Descriptions of Space Processing Applications Rocket (SPAR) Ex-
periments, Edited by R. J. Naumann, NASA TM-78217, pp. 15-16,
January 1987. (post-flight)

(4) Input received from Principal Investigator A. J. Markworth,
June 1993.

Contact(s):

Dr. Stanley H. Gelles
S. H. Gelles Associates
2836 Fisher Road
Columbus, OH 43204

Dr. Alan J. Markworth
Engineering Mechanics Department
Battelle Memorial Institute

505 King Avenue

Columbus, OH 43201-2693
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Principal Investigator(s): Gelles, S. H. (1)

Co-Investigator(s): Markworth, A. J. (2)

Affiliation(s): (1) S. H. Gelles Associates, Columbus, Ohio; (2)
Engineering Mechanics Department, Battelle Memorial Institute,
Columbus, Ohio

Experiment Origin: USA

Mission: STS Launch #7, STS-007 (STS 31-C, Challenger)

Launch Date/Expt. Date: June 1983

Launched From: NASA Kennedy Space Center, Florida

Payload Type: Payload Bay, OSTA-2 Payload Pallet Platform,
Materials Experiment Assembly (MEA-A1l)

Processing Facility: Gradient and isothermal versions of the SPAR
General Purpose Rocket Furnace (GPRF)

Builder of Processing Facility: Unknown

Experiment:
Liguid Phase Miscibility Gap: (1) Gradient Cooling Experiment and
(2) Isothermal Plunger Experiment

This STS-007 space shuttle experiment was the third in a series
of investigations designed by Gelles et al. to study the low-
gravity solidification behavior of immiscible liquids (see
Gelles, SPAR 2, SPAR 5).

<Note: A document published after the return of STS-007 reported
that, during the mission, three experiments were performed using
the GPRF: (1) the gradient solidification of an Al-In alloy, (2)
the isothermal solidification of a Te-Tl alloy, and (3) the
isothermal solidification of an Al-In alloy. However, no discus-
sion of the objectives or results of the Te-T1 experiment could
be located in published literature at this time. Therefore, only
the two Al-In experiments are summarized below.>

Two experiments were discussed in detail in the available
publications: (1) the gradient solidification of an Al1-90 wt.$%
In alloy with thermal gradient and (2) the isothermal solidifica-
tion of an Al1-90 wt.% In alloy with a plunger system.

Experiment #1: Solidification of Al-In with Thermal Gradient

The specific objective of this experiment was to investigate (1)
droplet migration driven by surface tension gradients and (2)
particle pushing by a moving solidification interface.

Prior to the STS launch, plugs of the alloy components in elemen-

tal form were contained in an alumina crucible. The specimen was
equipped with two thermocouples, one near the top of the sample
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material and the other near the bottom. A copper chill block was
placed at the bottom of the alumina crucible for heat extraction.
This entire assembly was sealed in a stainless steel cartridge
which was evacuated and back filled with He (0.0173 MPa). The
cartridge was configured within the Spacelab General Purpose
Rocket Furnace (G-GPRF).

During the experiment, the sample was (1) heated to 974 °c, (2)
held at this temperature for 8.1 hours, and (3) cooled at a rate
of 0.28 °C/sec (with an average gradient of 8.1 °c/cm). It was
expected that this procedure would result in (1) a single phase
liquid which would undergo bhase separation with L; droplets
precipitating in the Lyt host liquid upon cooling, and (2) migra-
tion of the droplets to the warmer regions (Marangoni driven
migration). A computer simulation of this process had predicted
this behavior (see Reference (4)).

Post-flight, the STS-007 sample was compared to (1) samples
processed on Earth, using the nearly the same thermal conditions
and (2) the Al1-90 wt.% In sample processed during the SPAR 5
sounding rocket experiment. It was noted that comparison was
complicated because (1) the SPAR 5 sample was subjected to a
cooling rate through the miscibility gap approximately 100 times
faster than the isothermal samples from the STS-007 experiment
and (2) the SPAR 5 samples did not completely fill the crucible
and a free surface resulted while the material was molten.

Optical and electron microscopic methods were used to evaluate
the STS gradient sample. It was reported that, contrary to ex-
pectations, the Ly droplets "...appeared to be concentrating and
coalescing mainly at the cooler end of the sample.... In con-
trast, the dendrites which form below the monotectic temperature
were found to be uniformly distributed in the flight sample." (1,
p. 418) A shrinkage cavity was also located in the middle of the
sample as well as an expected cavity at the hot end. Several
possible explanations of the 'Ly droplet behavior were reported
(see Reference (1) for a compléte discussion). The most likely
reasons for this behavior were reported to be (1) the non-uniform
temperature gradient, (2) an incorrectly assumed behavior of the
interfacial energy between Ly and Lyy, and (3) the solutocapil-
lary effects.

Experiment #2: Solidification of Al-In with a Plunger Systen
(Isothermal Experiment)

The specific objective of this experiment was to (1) determine if
during phase separation, surface tension-driven convection cur-
rents (which originate at a free surface) contribute to droplet
coalescence and (2) determine if the Liquid 1 (L) droplets which
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form during the phase separation process migrate due to a thermal
gradient.

Prior to the STS launch, plugs of the alloy components in elemen-
tal form were contained in an alumina crucible. A close-fitting
alumina plunger was placed in the top part of the crucible. The
plunger contact with the sample material was maintained with a
quartz spring in a stainless steel retainer. The purpose of the
plunger was to avoid the presence of a liquid free surface (which
would result in surface tension-driven fluid flow). A ther-
mocouple was included at the bottom of the crucible. This entire
arrangement was sealed in a stainless steel cartridge which was
evacuated and back-filled with a partial pressure of He designed
to reach 0.1 MPa at the intended hold temperature 970 °c. Two of
these cartridges (which were duplicates, designated as P-10 and
P-2-10) were configured in the isothermal version of the GPRF.

Post-flight examination of the isothermal samples and subsequent
comparison of the samples to ground-based-produced samples and
the Al1-90 wt.% In SPAR 5 sample were similar to the post-flight
examination of the STS-007 gradient sample. "It should be noted
that in the case of Cartridge P-10, molten metal attack of the
thermocouple has occurred causing some errors in the temperature

readings." (1, p. 420) The actual temperature readings recorded
were between 984 ©C and 916 °Cc. "The actual temperatures are
suspected to be higher than the indicated temperatures...." (1,
p. 420)

It was reported that both flight samples contained few relatively
large Ly droplets with many smaller ones distributed through the
In-rich matrix. These smaller droplets were adjacent to, but
generally not touching, the crucible wall. "The L; drops in
these samples appear to be somewhat more finely dispersed than in
the free surface SPAR [5] sample...." (1, p. 420) This result
led "...to the tentative conclusion that the surface tension
driven convection currents originating from a free surfacel[,]...
to a small extent[,] contribute to the coalescence of the L

drops. It is clear however that another mechanism must be
responsible for most of the observed coalescence. The one most
suspected is droplet migration arising from gradients in surface
tension." (1, p. 421) The ground-processed sample consisted of
an Al-rich layer above an In-rich layer. The dendritic structure
in the isothermal flight samples was similar to the gradient
sample. However, in the ground-processed isothermal sample, the
dendrites were driven by buoyancy forces to the top of the In-
rich layer.
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Key Words: Systems Exhibiting a Miscibility Gap, Immiscible
Fluids, Immiscible Alloys, Metals, Metallic Matrix, Binary Sys-
tems, Melt and Solidification, Directional Solidification, Cool-
ing Rate, Sample Homogeneity, Drops, Drop Coalescence, Drop
Migration, Thermomigration, Marangoni Movement of Droplets,
Droplet Dispersion, Density Difference, Surface Tension, Surface
Energy, Interfacial Energy, Buoyancy-Driven Convection, Buoyancy
Forces, Free Surface, Free Surface Elimination, Piston System,
Thermocapillary Convection, Surface Tension-Driven Convection,
Marangoni Convection, Thermosolutal Convection, Capillary Flow,
Separation of Components, Segregation, Phase Separation, Solutal
Gradients, Surface Tension Gradients, Thermal Gradient, Isother-

mal Processing, Thermal Soak, Solid/Liquid Interface,
Liquid/Liquid Interface, Solidification Front Physics, Interface
Physics, Sample Microstructure, Composition Distribution,

Precipitation of Second Phase, Dendrites, Cavity, Sample
Shrinkage, Superconductors, Hardware Malfunction, Thermal En-
vironment More Extreme Than Predicted

Number of Samples: three

Sample Materials: aluminum-indium alloys, Al1-90 wt.% In; a
tellurium-thallium alloy

(Al*In*, Te*T1*)

Container Materials: Alumina (Al,05) crucible within a stainless
steel cartridge

(Al1*0%*)

Experiment/Material Applications:
See Gelles, SPAR 5.

References/Applicable Publications:

(1) Gelles, S. H. and Markworth, A. J.: Space Shuttle Experi-
ments on Al-In Liquid Phase Miscibility Gap (LPMG) Alloys. In
ESA 5th European Symposium on Material Sciences Under
Microgravity, Results of Spacelab 1, Schloss Elmau, November 5-7,
1984, ESA SP-222, pp. 417-422. (post-flight)

(2) Gelles, S. H. and Markworth, A. J.: Low-Gravity Experiments
On Liquid Phase Miscibility Gap (LPMG) Alloys: Materials Experi-
ments Assembly (MEA). In ESA 4th European Symposium on Material
Sciences Under Microgravity, Madrid, Spain, April 5-8, 1983, ESA
SP-191, pp. 307-312. (preflight)
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(3) Harris, E. G.: Materials Experiment Assembly (MEA) Accelera-
tion Summary, STS-7, Marshall Space Flight Center, JA62-004, July
19084.

(4) Gelles, S. H.: Liquid Phase Miscibility Gap Alloys - MEA Al
Experiments. Final post flight report to NASA-MSFC on Contract

NAS8-32952. <Note: The date this report was published is un-
clear.>
(5) General Purpose Rocket Furnace. In Microgravity Science and

Applications Experiment Apparatus and Facilities document
developed by the Commercialization of Materials Processing in
Space Group, Program Development Directorate, Marshall Space
Flight Center, pp. 3-4. (processing facility)

(6) Naumann, R. J.: Microgravity Science and Applications. In:
In Space 87, Japan Space Utilization Promotion Center (JSUP), pp.
23-24. (post-flight)

(7) Input received from Principal Investigator A. J. Markworth,
June 1993.

Contact(s):

Dr. Stanley H. Gelles
S. H. Gelles Associates
2836 Fisher Road
Columbus, OH 43204

Dr. Alan J. Markworth
Engineering Mechanics Department
Battelle Memorial Institute

505 King Avenue

Columbus, OH 43201-2693
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Principal Investigator(s): Gelles, S. H. (1)
Co-Investigator(s): Unknown
Affiliation(s): (1) S. H. Gelles Associates, Columbus, Ohio

Experiment Origin: USA

Mission: STS Launch #22, STS-030 (STS 61-A, Spacelab D1:
Challenger)

Launch Date/Expt. Date: October 1985

Launched From: NASA Kennedy Space Center, Florida

Payload Type: STS Payload Bay Materials Experiment Assembly (MEA-
A2)

Processing Facility: Isothermal General Purpose Rocket Furnace
(I-GPRF)

Builder of Processing Facility: Unknown

Experiment:
Liguid Phase Miscibility Gap Materijials

<Note: Publications which detailed the actual D1 experimental
setup or post-flight results of this investigation could not be
located at this time. The following summary was based on
References (1) and (4), which were published prior to the
Spacelab D1 mission.>

This Spacelab D1 experiment was the fourth in a series of inves-
tigations designed by Gelles et al. to study the low-gravity
solidification behavior of immiscible liquids (see Gelles, SPAR
2, SPAR 5, STS-007). The specific objective of this experiment
was to examine the space-produced microstructure of an Al-In al-
loy and determine the effect of (1) the minimization of gravity,
(2) the minimization of surface tension-driven convection cur-
rents (using a crucible system with a plunger), and (3) the
reduction of the interaction between droplets and crucible wall
material.

During the Spacelab D1 mission, the General Purpose Rocket Fur-
nace was to be used to process an Al-40 wt.% In alloy. The alloy
was to be contained in a crucible which also held a plunger to
prevent the formation of a free surface (gas/liquid interface)
during sample processing. It was anticipated that the crucible
would be heated to 970 (+/- 10) ©C at a rate which would avoid
thermal shock to the ceramic components (>15 minutes). The
cartridge was to be held at this temperature for 12 hours and
then cooled at a rate of 6.0 (+/- 0.5) °C to below 600 °C. Cool-
ing from 600 °C to below 100 °C was expected to occur at a rate
near 6 °C/min.

No post-flight discussion of the actual experimental procedure or
results from this experiment could be located at this time.
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Key Words: Systems Exhibiting a Miscibility Gap, Immiscible
Fluids, Immiscible Alloys, Metals, Binary Systems, Melt and
Solidification, Homogeneity, Drops, Drop Coalescence, Drop Migra-
tion, Thermomigration, Marangoni Movement of Droplets, Density
Difference, Surface Tension, Surface Energy, Interfacial Energy,
Buoyancy-Driven Convection, Free Surface, Free Surface Elimina-
tion, Thermocapillary Convection, Surface Tension-Driven Convec-
tion, Separation of Components, Segregation, Phase Separation,
Solutal Gradients, Surface Tension Gradients, Thermal Soak,
Solid/Liquid Interface, Liquid/Liquid Interface, Sample
Microstructure, Composition Distribution, Precipitation of Second
Phase, Crucible Effects, Material Interaction with Containment
Facility

Number of Samples: one

Sample Materials: <Note: The composition of the actual flight
sample was not reported in the available documents. A document
published prior to the flight indicated that the sample was to be
Al-40 wt.% In>

(Al*In*)

Container Materials: unknown

Experiment/Material Applications:
See Gelles, SPAR 5.

References/Applicable Publications:
(1) Gelles, S. H.: Liquid Phase Miscibility Gap Materials. In
Scientific Goals of the German Spacelab Mission D1, German Pub-
lication, WPF, p. 143. (preflight)

(2) Materials Processing Experiments in Space: MEA-A2 Payload.
Brochure available from Application Payload Projects NASA/MSFC,
Huntsville, Alabama. (MEA; preflight)

(3) General Purpose Rocket Furnace. In Microgravity Science and
Applications Experiment Apparatus and Facilities, document
developed by the Commercialization of Materials Processing in
Space Group, Program Development Directorate, Marshall Space
Flight Center, pp. 4-5. (processing facility)

(4) Naumann, R. J.: Microgravity Science and Applications. In:

In Space 87, Japan Space Utilization Promotion Center (JSUP), pp.
23-24. (appears to be discussing results of this flight)
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(5) Input received from A. J. Markworth, June 1993.

Contact(s):

Dr. Stanley H. Gelles
S. H. Gelles Associates
2836 Fisher Road
Columbus, OH 43204

Dr. Alan J. Markworth
Engineering Mechanics Department
Battelle Memorial Institute

505 King Avenue

Columbus, OH 43201-2693
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Principal Investigator(s): Lohberg, K. (1), Dietl, V. (2),
Ahlborn, H. (3)

Co-Investigator(s): Unknown

Affiliation(s): (1,2) During SPAR 2: Berlin Technische, Federal
Republic of Germany, (1) Currently: Deceased, (2) Currently:
Unknown; (3) Universitat Hamburg, Germany

Experiment Origin: Federal Republic of Germany

Mission: SPAR 2

Launch Date/Expt. Date: May 1976

Launched From: White Sands Missile Range, New Mexico

Payload Type: Sounding Rocket Experiment

Processing Facility: FWD (Forward) General Purpose Rocket Furnace
(silicon carbide tube furnace)

Builder of Processing Facility: National Aeronautics and Space
Administration (NASA), Marshall Space Flight Center, Huntsville,
Alabama

Experiment:
Solidification Behavior of Al-In Immiscible Alloys Under Zero-
Gravity Conditions (74-62) (SOLUOG)

"Melts of an alloy system with [a] miscibility gap in the liquid
state, when homogeneous at high temperatures, should exhibit dif-
ferent separation mechanisms when entering the miscibility gap
during the cooling process, depending on whether separation
starts within or outside the range of spinodal decomposition.
Even alloys with a noncritical composition are capable of
spinodal separation, if the binodal temperature is undercooled to
the spinodal temperature. The spinodal separation is charac-
terized by spontaneous decomposition of the melt without any
nucleation leading to extremely fine and uniform dispersion of
the two phases. Under zero-g conditions and at high cooling
rates, there should be neither a segregation of the two phases
nor an essential coalescence of the droplets of the two
melts...." (1, p. VIII-3)

This SPAR 2 experiment was the first in a series of investiga-
tions designed by Loéhberg and/or Ahlborn et al. to study the
solidification of metallic alloys under low-gravity conditions.
The specific objective of the experiment was to investigate the
decomposition and crystallization behavior of two immiscible al-
loys which are characterized by a miscibility gap in the 1liquid
state: (1) 60 at.% Al-40 at.% In (sample 60/40) and (2) 89 at.%
Al-11 at.% In (sample 89/11). (The chosen alloys had a critical
temperature of approximately 830 oC.)
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The experiment was "...expected to provide an answer to the ques-
tion whether alloys of different compositions exhibit different
structures depending on the separation mechanism." (1, p. VIII-3)
It was anticipated that the 60/40 sample would decompose
spinodally and that the 89/11 sample would decompose by nuclea-
tion. The final structures of the samples were expected to ex-
hibit a uniform dispersion of the In-rich and Al-rich phases, al-
though each sample was expected to contain a different size and
arrangement of second phases.

Prior to the flight experiment, several ground-based studies were
performed to (1) determine if the available phase diagram was
sufficiently accurate concerning critical composition and tem-
perature, (2) determine the required holding time above the
critical temperature to assure complete homogenization of the
melts, (3) select the crucible material and crucible sealing
material suitable for these alloys, and (4) select metallographic
examination methods which avoid unnecessary material loss. The
ground-based samples were processed using various cooling rates
for comparison to the flight specimens. (Further details of
these preflight experiments are included in Reference (1).)

The two immiscible samples for the flight experiment were com-
posed of pure Al and In plates (the In configured on top of the
Al). Each sample was contained in a sintered alumina crucible
which was evacuated and sealed with a cementing material. Both
crucibles were placed in a high-temperature resistant ferritic
steel (Thermax 4742) cartridge which was evacuated and welded
air-tight. The cartridge was inserted into the SPAR General Pur-
pose Rocket Furnace (GPRF).

Just prior to the rocket launch, the recorded temperature (based
on thermocouples located on the outside of the cartride) was 980
Oc. After launch, the temperature rapidly fell to 950 °c and

remained at that point for about 120 seconds. Cooling was in-
itiated at 150 seconds after launch by introducing helium into
the experiment chamber. At about 300 seconds after launch, the

temperature was 150 °C. Cooling rates decreased from 17.5 K/sec
to %}K/sec as the sample temperatures decreased from 950 °C to
150 *~C.

Comparison of this temperature data to that from another experi-
ment, which was also performed in the GPRF (see Gelles, SPAR 2),
led to the conclusion that the monotectic reaction occurred
isothermally.

Post-flight examination of the two Al-In samples revealed that
the expected phase arrangement was not achieved. However, the
stratification observed in the ground-processed samples also was
not seen. "In the [low-gravity processed] alloy 60/40, an Al-
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rich globule was observed, whose interior was filled with Al-
containing In and which was enveloped by Al-containing In. The
Al globule has an interconnection point. In the second sample
[sample 89/11] the In-rich component accumlated in the upper part
of the melt regulus, but not in a stratified manner. Here too,
is a narrow In-rich zone at the whole regulus surface. The Al
crystallizing at the monotectic temperature (636 °C) has an equi-
axial form and the Al crystallizing below this temperature has a
fine dendritic form. [See Reference (1) for micrographs of the
sample. ]

"In the [low-gravity processed] Al-rich sample 89/11, a sphere
could not be formed for geometrical reasons, but a tendency
towards sphere formation is obvious. Consequently, the
solidification occurred essentially towards the heat flow
directed to the bottom, with the In-rich melt being displaced
towards the top. 1In the sample 60/40, by contrast, the following
process should have taken place. The spherical Al-rich melt was
surrounded by an In-rich melt when the crystallization started at
the monotectic temperature and advanced radially to the center
against the heat flow going regularly into all directions. In
this process, the larger amount of the separated In-rich melt was
displaced into the interior of the sphere and was subjected
(because of the strong volume contraction during solidification
of the aluminum) to a rising pressure which finally led to the Al
sphere breaking through a weak point. The resulting current
through the ’‘channel’ can still be traced in the solidified
sample by ’‘hollow vortices’ existing only at this point.

"The fact that the melt reguli are surrounded by In-rich melt may
be understood from the different interface and surface energies
of the In-rich and Al-rich melts. Accumulation of In in the
sample surfaces as well as in the interface between melt and
aluminum oxide crucible may be the result of the lower surface
and interface energies of the In-rich melt." (1, p. VIII-42)

It was reported that important questions, still remained which
could be answered with both short-term and long-term, low-gravity
experiments:

(1) Does a critical growth rate exist below which displacement of
the second phase (In-rich melt) by the crystallizing phase (Al-
rich melt) does not occur? (Reportedly, experiments in which the
crystallization rate was varied would help answer this question.)

(2) What are the effects of surface and interfacial energies on
the separation and crystallization of phases? (Reportedly, ex-
periments in which the crucible material and/or the sample
length/diameter ratios were varied would help answer this ques-
tion.)
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Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Metals, Metallic Matrix, Binary Systems, Two-Phase Systemn,
Monotectic Compositions, Isothermal Processing, Melt and
Solidification, Sample Homogeneity, Drops, Sphericity, Drop
Coalescence, Droplet Dispersion, Density Difference, Surface Ten-
sion, Surface Energy, Interfacial Energy, Separation of Com-
ponents, Segregation, Phase Separation, Spinodal Decomposition,
Solid/Liquid Interface, Liquid/Liquid Interface, Undercooling,
Growth Rate, Cooling Rate, Sample Microstructure, Composition
Distribution, Nucleation, Dendritic Structure, Quench Process,
Aspect Ratio, Crucible Effects, Material Interaction with Con-
tainment Facility

Number of Samples: two

Sample Materials: (1) Al-40 at.% In and (2) Al-11 at.% In
(Al*In*)

Container Materials: alumina, Al,0;, contained in a high-
temperature resistant, ferritic steel Thermax 4742 cartridge
(A1*0%)

Experiment/Material Applications:

The Al-In alloys were selected for this experiment because (1)
there is a large difference in density between the Al-rich and
In-rich melts and (2) the critical temperature of the miscibility
gap (approximately 830 ©C) was low enough to allow homogenization
of the melts using the available sounding rocket hardware.

References/Applicable Publications:

(1) Ahlborn, H.: Segregation and Solidification of Liquid
Aluminum-Indium Alloys Under Zero Gravity Conditions. In Space
Applications Rocket Project, SPAR 2- Final Report, NASA TM-78125,
pp. VIII1-VIII44, November 1977. (post-flight)

(2) Toth, S. and Frayman, M.: Measurement of Accleration Forces
Experienced by Space Processing Applications. Goddard Space
Flight Center, Contract No. NAS5-23438, Mod. 23, ORI, Inc., Tech-
nical Report 1308, March 1978. (acceleration measurements, SPAR
1-4) ‘

(3) Ahlborn, H. and Ldéhberg, K.: Aluminum Indium Experiment
SOLUOG--A Sounding Rocket Experiment on Immiscible Alloys. 17th
Aerospace Sciences Meeting, New Orleans, Louisiana, January 15-
17, 1979, 4 pp.
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Contact(s):

Prof. Dr. H. Ahlborn
Universitat Hamburg
Von-Mell Park 8
D-2000 Hamburg 13
Germany
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Principal Investigator(s): Hodes, E. (1), Steeg, M. (2)
Co-Investigator(s): None

Affiliation(s): (1) During TEXUS 1: Glyco-Metall-Werke, Wies-
baden, Federal Republic of Germany, Currently: Retired; (2)
Glyco-Metall-Werke, Wiesbaden, Germany

Experiment Origin: Federal Republic of Germany

Mission: TEXUS 1

Launch Date/Expt. Date: December 1977

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 01-1
(Isothermal four-chamber furnace)

Builder of Processing Facility: Messerschmitt-Boelkow-Blohm
(MBB/ERNO) , Germany

Experiment:
Al-Pb Dispersion

Aluminum alloys containing lead dispersions are expected to
possess excellent properties for bearing applications. Because
of large density differences of the alloy constituents, however,
homogeneous Al-Pb alloys cannot be obtained on Earth by conven-
tional casting techniques. It was expected that in a reduced
gravity environment, (1) gravity-driven sedimentation of the Pb
in the Al melt would be reduced, (2) a fine liquid-liquid disper-
sion would be obtained, and (3) the fine dispersion could be con-
served in the solid by rapid cooling.

This TEXUS 1 experiment was designed to study the low-gravity
solidification of an immiscible alloy. The specific objective of
the experiment was to produce an Al-Pb alloy with a homogeneous
dispersion of Pb in an Al matrix.

During the mission one chamber of the isothermal four-chamber
furnace module was used to melt and resolidify a compact powder
sample. The Al sample contained 8 wt.% Pb, 3.5 wt.% Si, 1.5 wt.%
Cu, and 1 wt.% Sn. While under low-gravity conditions, the tem-
perature of the material was (1) raised above the miscibility gap
(1100 ©c) and (2) then lowered below 1000 °C (to form the
required fine, liquid-liquid dispersion). The material was
rapidly cooled before the low-gravity period ended.

Post-flight analysis of the sample revealed the formation of
pores which was attributed to insufficient densification and/or
degassing during sample preparation. Also present were oxide
layers which surrounded the lead particles. (These layers were
also present in a sample processed terrestrially.) Reportedly,
the oxide layers prevented the formation of a homogeneous melt.
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Thus, the low-gravity and 1-g samples had similar features
(although the size of the Pb particles in the flight sample was
smaller than in the 1-g material).

No further information concerning this experiment could be lo-
cated at this time.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Metals, Metallic Matrix, Powder Metallurgy, Melt and
Solidification, Isothermal Processing, Cooling Rate, Casting,
Phase Separation, Homogeneous Dispersion, Droplet Dispersion,
Particle Dispersion, Liquid/Liquid Dispersions, Particle Size
Distribution, Density Difference, Separation of Components,
Sedimentation, Segregation, Solid/Liquid Interface, Liquid/Liquid
Interface, Bubble Formation, Bubble Removal, Sample Microstruc-
ture, Pores, Oxide Layer, Thin Films, Quench Process

Number of Samples: one

Sample Materials: single aluminum sample comprised of 8 wt.% Pb,
3.5 wt.% Si, 1.5 wt.% Cu, 1 wt.% Sn

(Al*Pb*Si*Cu*Sn¥*)

Container Materials: Sij;N, (crucible sealed at normal atmosphere)
(Si*N*)

Experiment/Material Applications:
See Experiment section above.

References/Applicable Publications:

(1) Hodes, E. and Steeg, M.: Production of an Aluminum Lead Alloy
in Microgravity. Z. Flugwiss. Weltraumforsch.2 (1978), Heft 5,
pp. 337-341. (in German; English abstract)

(2) Final Report, TEXUS-I, DFVLR-BPT, 1978.

(3) Input received from Experiment Investigator, August 1988 and
July 1993.
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(4) Al-Pb Bearing Alloy.
Experiments in Fluid Science and Materials Sciences,

20, MASER 1 and 2,
(post-flight)

Contact(s):

M. Steeg
Glyco-Metall-Werke
Glyco B. V. & Co. KG
Postfach 130335
65091 Wiesbaden
Germany
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Principal Investigator(s): Walter, H. U. (1), Ziegler, G. (2)
Co-Investigator(s): Unknown

Affiliation(s): (1,2) During TEXUS 1: DFVLR-WB Institut fur
Werkstoff- Forschung, Cologne, Federal Republic of Germany; (1)
Currently: European Space Agency (ESA) Headquarters, Paris,
France; (2) Currently: Unknown

Experiment Origin: Federal Republic of Germany

Mission: TEXUS 1

Launch Date/Expt Date: December 1977

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 01-1: isothermal
furnace. (One of four available chambers within the furnace was
employed for this experiment.)

Builder of Processing Facility: ERNO, Raumfahrttechnik GmbH,
Bremen, Germany

Experiment:
Stability of Compound Mixtures/Powder Metallurqy (Composite
Materials I: Liquid-Liquid-Gas Systems)

<Note: Walter performed two experiments on TEXUS 1 which involved
the TEM 01-1 experiment module. Details of the other experiment
can be found in Chapter 5: "Composites with Solid Particles.">
This TEXUS 1 experiment was the first in a series of investiga-
tions designed by Walter et al. to explore the low-gravity
stability of multicomponent liquid-liquid systems during melting,
thermal soak, and solidification. The specific objective of the
experiment was to examine the mechanisms (and their relative
importance) which drive component separation. These mechanisms
not only include (1) sedimentation and buoyancy (gravity
effects), but also (2) volume changes, (3) interparticle forces,
(4) the motion of droplets in a temperature gradient, (5) inter-
action of liquid and gaseous inclusions with an advancing
solidification front, (6) wetting, (7) liquid spreading, and (8)
coalescence. Low-gravity processing permitted closer examination
of mechanisms often masked by overwhelming gravity effects.

A composite-powder model system representing a liquid-liquid-gas
mixture was chosen for the TEXUS 1 flight. The sample, iden-
tified as sample I(5), consisted of Ag particles (32 to 50 micron
grain size) and irregularly shaped Na-glass particles. The
sample had an Ag/Na-glass volume ratio of 4:1 and was (1)
compressed to a residual pore volume of 10% and (2) annealed (on
Earth) in hydrogen at 500 °c and 1 atmosphere for 30 minutes.

(Silver (Ag) was chosen as the matrix material and the glass par—
ticles were statistically distributed.)
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The sample, which was placed in a molybdenum crucible (TzZM
alloy), was housed with four other samples in a single stainless
steel cartridge. <Note: These four other samples consisted of a
solid-liquid-gas system and are detailed in Chapter 5,
"Composites with Solid Particles" (see Walter, TEXUS 1).>

The samples were processed in one of the four chambers of the

TEM-01 isothermal furnace. Reportedly, the cartridge was
preheated to 850 °C prior to lift-off and held at this tempera-
ture during launch. Once microgravity conditions had been

achieved (<10'4 g), the samples were heated to 1100 °c. After 30
seconds at this tem%erature, the samples were cooled such that
they were below 600 ~C by rocket re-entry.

Analysis of a similar Ag/Na-glass sample, remelted under 1-g con-
ditions, illustrated a significant degree of separation because
of the large density differences between the compound elements.
It was reported that there was also an unexpected amount of
separation in the flight Ag/Na-glass sample. Sample I(5) con-
sisted of "...a large drop of Ag without any inclusion or pores
and a single pore... surrounded by a layer of glass." (2, p. 32)

Sample I(5) had a low surface free energy configuration. This
result was highly significant. It indicated that the driving
forces for separation of such components in the liquid state were
not restricted to buoyancy and sedimentation. It was also ap-
parent that rearrangement of the components occurred very rapidly
since melting, soak, and resolidification occurred within the 5-
minute low-gravity period.

Reportedly, the interfacial energy between Ag-melt and glass was
calculated to be about 900 mN/M and the contact angle was about

90° at 1000 °C (Ag melt temp. = 960.8 ©C). However, the contact
angle between the %}ass and molybdenum (crucible wall) was less
than or equal to . Therefore, the most stable configuration

was a layer of glass surrounding a silver core. In order to
determine which mechanism was responsible for this configuration
(motion of droplets due to a thermal gradient or chain formation)
two samples having a larger percentage of glass were processed on
TEXUS 2 (see Walter, TEXUS 2, samples II(4) and II(5)).

It was later reported that "These results indicated that separa-
tion can take place under microgravity conditions as well and can
be driven by surface tension gradients. The preparation of
heterogeneous alloys or composites from powder mixtures is,
therefore, not possible with mixtures having non-wetting com-
ponents and pore volume or with degassing materials." (4, p. 236)
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Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Immiscible Fluids, Melt and Solidification,Isothermal
Processing, Annealing, Powder Metallurgy, Metallic Matrix,
Glasses, Multiphase Media, Model Materials, Binary Systems, Phase
Separation, Separation of Components, Stability of Dispersions,
Liquid/Liquid Dispersions, Solid/Liquid/Gas Dispersion, Density
Difference, Drops, Drop Migration, Marangoni Movement of
Droplets, Thermomigration, Sedimentation, Buoyancy Effects, Wet-
ting, Wetting of Container, Contact Angle, Surface Energy, Inter-
facial Energy, Surface Tension Gradients, Liquid Spreading, Drop
Coalescence, Pores, Inclusions, Thermal Soak, Solidification
Front Physics, Inclusion and/or Rejection of Particles,
Liquid/Liquid Interface, Liquid/Gas Interface, Solid/Liquid In-
terface, Volume Change, Liquid Phase Sintering

Number of Samples: one

Sample Materials: Ag particles (32 to 50 micron grain size) and
irreqgularly shaped Na-glass particles

(Ag*Na*)

Container Materials: Molybdenum crucible (TZM alloy) with outer
stainless steel envelope

(Mo*)

Experiment/Material Applications:

Earlier low-gravity experiments indicated that sedimentation and
buoyancy were not the only forces separating components of com-
posite materials (see, for example, Kawada, Skylab SL-3 and SL-4
(Chapter 5); Uhlman, SPAR missions (Chapter 5)). Other
mechanisms (as detailed in the above experiment summary) could
contribute to separation. It was necessary, therefore, to deter-
mine the extent and relevance of each of these forces.

The materials used in both Walter’s TEXUS 1 experiments (one
liquid-liquid-gas sample (Ag-Na glass) and four solid-liquid-gas
samples) were chosen for many reasons: (1) the melt temperatures
of each were below that of the available maximum furnace tempera-
ture, (2) large density differences between materials could il-
lustrate separation due to residual acceleration components, and
(3) wetting and non-wetting powder combinations would indicate
separation due to this material characteristic. In addition,
(1) no chemical reaction or solubility of components would occur,
(2) plasticity of matrix material (Ag) allowed density control,
(3) control of surface contamination and oxidation was possible,
(4) the vapor pressure at maximum temperature would be low, and
(5) the powders were available in the required form (particle
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shape, etc.).

References/Applicable Publications:

(1) Walter, H. U.: Stability of Multicomponent Mixtures Under
Microgravity Conditions. In Proceedings of the 3rd European Sym-
posium on Material Sciences in Space, Grenoble, April 24-27,
1979, ESA SP-142, p. 245. (post-flight)

(2) Walter, H. U. and Ziegler, G.: Stability of Multicomponent
Mixtures. 1In Shuttle/Spacelab Utilization Final Report, Project
TEXUS, 1978, Technological Experiments in Micro-gravity, pp. 27-
47. (TEXUS 1 and 2; this paper is the same as the Grenoble paper
above)

(3) Walter, H. U. and Ziegler, G.: Rearrangement and Separation
Processes During Ligquid Phase Sintering Under Microgravity Condi-
tions. In Proceedings of the European Sounding-Rocket, Balloon
and Related Research with Emphasis on Experiments at High
Latitudes, Ajaccio, Corsica, April 24-29, 1978, ESA SP-135, pp.
345-352. (post-flight)

(4) Composite Materials I. In Summary Review of Sounding Rocket
Experiments in Fluid Science and Materials Sciences, TEXUS 1 to
20, MASER 1 and 2, ESA SP-1132, February 1991, pp. 236-237.
(post-flight)

Contact(s):

Dr. Hans Walter
ESA-HQ

8-10, rue Mario-Nikis
F-75738 Paris Cedex 15
France

17-62



Principal Investigator(s): wWalter, H. U. (1), Ziegler, G. (2)
Co-Investigator(s): Unknown

Affiliation(s): (1,2) During TEXUS 2: DFVLR-WB Institut fur
Werkstoff-Forschung, Cologne, Federal Republic of Germany, (1)
Currently: European Space Agency (ESA) Headquarters, Paris,
France, (2) Currently: Unknown

Experiment Origin: Federal Republic of Germany

Mission: TEXUS 2

Launch Date/Expt Date: November 1978

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 01-1

Builder of Processing Facility: ERNO, Raumfahrttechnik GmbH,
Bremen, Germany

Experiment:
Stability of Compound Mixtures/Powder Metallurgy (Composite
Materials II: Ligquid-Liquid Systems)

<Note: Walter performed two experiments on TEXUS 2 which involved
the TEXUS TEM 01-1 experiment module. Details of the other ex-
periment can be found in Chapter 5 "“Composites with Solid Par-
ticles."> This TEXUS 2 experiment was the second in a series of
investigations designed by Walter et al. to explore the low-
gravity stability of multicomponent liquid-liquid systems during
melting, thermal soak, and solidification (see Walter, TEXUS 1).
The specific objective of the experiment was to examine the
mechanisms (and their relative importance) which drive component
separation.

Two-component systems (representative of liquid-liquid systems)
were examined. Reportedly, because the chosen samples had no
pores or free surfaces "...[(1l)] Marangoni-flow generated at
ligquid-gas interfaces, [(2)] flow induced by volume expansion of
gaseous inclusions, [(3)] melt bridge formation and resulting
forces on particles, and [(4)] especially capillarity effects and
coalescence..." (2, p. 36) should not be significant when resolv-
ing separation mechanisms. (All of these factors influenced the
results from the TEXUS 1 experiment (see Walter, TEXUS 1).)

Two powder samples (prepared to the theoretical density) were
selected for study. The first sample (designated as Sample
ITI(4)), consisted of Ag (particle diameter of 100 to 200 microns)

and Na-glass (particle diameter of 100-160 microns). The sample
had an Ag/Na-glass volume ratio of 4:1 (80 vol.% Ag-20 vol.%
glass) and theta ranged between 70° and 90°. The second sample
(designated as Sample II(5)), consisted of 35 vol.% Ag - 65 vol.%
Na-glass (particle diameters same as Sample II(4)). Theta ranged
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between 70° and 90°.

Pre-flight preparation of the TEXUS 2 samples involved certain
de-gassing and compaction procedures which the TEXUS 1 samples
did not undergo (see Reference (1) for details).

The sample materials were processed under low-gravity conditions
in the TEM 01 isothermal furnace. The melt and solidification
sequence was similar to the TEXUS 1 sequence. The procedure was
slightly altered such that the cartridge was pre-heated to 600 °cC
prior to TEXUS 2 lift-off (it was heated to 850 °C for TEXUS 1).

Post-flight examination of the low-gravity processed samples led
to the following results:

Postflight analysis of samples II(4) and II(5) "...indicate[d]
clearly that movement of droplets according to... [Stoke’s
Law]... [was] not predominant." (2, p. 36) Constituents in

sample II(5) (65 vol.% glass) separated and contained a large
drop of Ag surrounded by a layer of glass (see Walter, TEXUS 1,
sample I(5) for comparison). There were no inclusions within the
drop. Sample II(4) (20 vol.% glass) was the same as sample II(5)
except there were glass inclusions within the Ag drop. This
result "...indicates that particle chains were not sufficiently
long to link up each particle with the energetically favorable
periphery of the sample (crucible wall). Thus, the preparation
of dispersion alloys via spinoidal[sic] decomposition may not be
possible, since 3-dimensional network formation is to be expected
in case of spontaneous separation of two components having ap-
proximately equal volume fraction." (2, p. 36)

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Immiscible Fluids, Melt and Solidification,Isothermal
Processing, Powder Metallurgy, Metallic Matrix, Glasses, Two-
Phase System, Multiphase Media, Model Materials, Binary Systems,
Phase Separation, Separation of Components, Stability of Disper-
sions, Liquid/Liquid Dispersions, Density Difference, Drops, Drop
Migration, Thermomigration, Sedimentation, Stokes Sedimentation,
Spinodal Decomposition, Buoyancy Effects, Free Surface Elimina-
tion, Wetting, Contact Angle, Inclusions, Thermal Soak,
Solidification Front Physics, Liquid/Liquid Interface,
Solid/Liquid Interface, Bubble Removal, Crucible Effects,
Material Interaction with Containment Facility

Number of Samples: two
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Sample Materials: Sample II(4)) consisted of Ag (particle
diameter of 100 to 200 microns) and Na-glass (particle diameter
of 100-160 microns). The sample had an Ag/Na-glass volume ratio
of 4:1 (80 vol.% Ag-20 vol.% glass) and theta ranged between 70°
and 90°. Sample II(5) consisted of 35 vol.% Ag - 65 vol.% Na-
glass (particle diameters same as Sample II(4)). Theta ranged
between 70° and 90°.

(Ag*Na*)

Container Materials: molybdenum crucible (T2ZM alloy) in stainless
steel envelope

(Mo*)

Experiment/Material Applications:

See Walter TEXUS 1: Stability of Compound Mixtures/Powder Metal-
lurgy (Composite Materials II: Liquid-Liquid-Gas Systems (this
chapter)).

References/Applicable Publications:

(1) Walter, H. U.: Stability of Multicomponent Mixtures Under
Microgravity Conditions. In Proceedings of the 3rd European Sym-
posium on Material Sciences in Space, Grenoble, April 24-27,
1979, ESA SP-142, pp. 245-253. (post-flight)

(2) Walter, H. U. and Ziegler, G.: Stability of Multicomponent
Mixtures. In Shuttle/Spacelab Utilization Final Report, Project
Texus, 1978, Technological Experiments in Micro-gravity, pp. 27-
47. (TEXUS 1 and 2) (This paper the same as the Grenoble paper
above.)

(3) Walter, H. U. and Ziegler, G.: Rearrangement and Separation
Processes During Liquid Phase Sintering Under Microgravity Condi-
tions. 1In Proceedings of the European Sounding-Rocket, Balloon
and Related Research, with Emphasis on Experiments at High
Latitudes, Ajaccio, Corsica, April 24-29, 1978, ESA SP-135, pp.
345-352. (post-flight)

(4) Composite Materials II. In Summary Review of Sounding Rocket
Experiments in Fluid Science and Materials Sciences, TEXUS 1 to
20, MASER 1 and 2, ESA SP-1132, February 1991, pp. 286-287.
(post-flight)

Contact(s):

Dr. Hans Walter
ESA-HQ

8-10, rue Mario-Nikis
F-75738 Paris Cedex 15
France
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Principal Investigator(s): Walter, H. U. (1), Ziegler, G. (2)
Co-Investigator(s): Unknown

Affiliation(s): (1,2) During TEXUS 3: DFVLR-WB Institut fur
Werkstoff-Forschung, Cologne, Federal Republic of Germany, (1)
Currently: European Space Agency (ESA) Headquarters, Paris,
France, (2) Currently: Unknown

Experiment Origin: Federal Republic of Germany

Mission: TEXUS 3

Launch Date/Expt Date: April 1980

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 01-2 isothermal
furnace

Builder of Processing Facility: Messerschmitt-Boelkow-Blohm
(MBB/ERNO) , Bremen, Germany

Experiment:
Stability of Compound Mixtures

This TEXUS 3 experiment was the third in a series of investiga-
tions designed by Walter et al. to explore the low-gravity
stability of multicomponent liquid-liquid systems during melting,
thermal soak, and solidification (see Walter, TEXUS 1, TEXUS 2).

During the Walter’s earlier TEXUS 1 study, one of the five
samples processed was Ag-Na glass; during his TEXUS 2 study, two
of the five were Ag-Na glass. Apparently, during this mission
all eight samples processed were Ag-Na glass. The Na glass con-
tent of the samples ranged from 2 vol.% to 17 vol.% (see the
Sample Materials section below).

The samples were processed in an isothermal furnace within the
TEXUS Experiment Module TEM 01-2 (previously described under Wal-
ter, TEXUS 1). <Note: No other processing parameters (e.qg.,
temperatures) were detailed in the available publications.>

It was reported that during the TEXUS 3 flight, the experiment
did not achieve the desired gravity level because of a
", ..residual spin of the rocket (1 Hz) and centrifugal accelera-
tion of 0.19g resulting therefrom...." (3, p. 9) Despite the un-
desired accelerations, sample analysis indicated that the lower
the amount of minority phase (Na-glass) in the material the
greater the stability of the dispersion. The 17% glass sample
exhibited complete separation; the 2% glass sample exhibited a
very stable dispersion.
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Additional results from the TEXUS 3 flight were combined with
those from other flight experiments by Walter (TEXUS 1, TEXUS 2,
TEXUS 3, TEXUS 3b, TEXUS 5). The combined conclusions from these
experiments can be found under Walter, TEXUS 5 (this chapter).

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Immiscible Fluids, Melt and Solidification, Isothermal
Processing, Thermal Soak, Powder Metallurgy, Multiphase Media,
Model Materials, Binary Systems, Metallic Matrix, Glasses, Phase
Separation, Separation of Components, Stability of Dispersions,
Liquid/Liquid Dispersions, Density Difference, Drops, Drop Migra-
tion, Thermomigration, Sedimentation, Buoyancy Effects,
Solidification Front Physics, Liquid/Liquid Interface,
Solid/Liquid Interface, Rocket Motion, Acceleration Effects,
Rocket Despin Failure

Number of Samples: eight

Sample Materials: silver particles/sodium glass particles (2, 4,
6, 8, 11, 13, 15, 17 vol.% Na-glass)

(Ag*Na%*)

Container Materials: unknown

Experiment/Material Applications:
See Walter, TEXUS 1.

References/Applicable Publications:

(1) Walter, H. U.: Preparation of Dispersion Alloys~ Component
Separation During Cooling and Solidification of Dispersions of
Immiscible Alloys. In Proc. Workshop on Effect of Gravity on
Solidification of Immiscible Alloys, Stockholm, January 18-20,
1984, ESA SP-219, March 1984, p. 47. (post-flight; specific
mission(s) unidentified)

(2) Greger, G.: TEXUS and MIKROBA and Their Effectiveness and Ex-
periment Results. Presented at: In Space ’87, October 13-14,
1987, Japan Space Utilization Promotion Center (JSUP).
(identifies rocket failure)
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(3) Walter, H. U.: Dispersion Alloys TEXUS-Experiments: TEXUS-V
TEM-01 B, TEXUS VI, TEM-01 B. NASA TM-77531, December 1983.
(post-flight; in connection with other missions)

Contact(s):

Dr. Hans Walter
ESA-HQ

8-10, rue Mario-Nikis
F-75738 Paris Cedex 15
France
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Principal Investigator(s): Walter, H. U. (1), Ziegler, G. (2)
Co-Investigator(s): Unknown

Affiliation(s): (1,2) During TEXUS 3b: Deutsche Forschungs-und
Versuchsanstalt fur Luft-und Raumfahrt (DFVLR)-WB, Institut fur
Werkstoff-Forschung, Cologne, Federal Republic of Germany, (1)
Currently: European Space Agency (ESA) Headquarters, Paris,
France; (2) Currently: Unknown

Experiment Origin: Federal Republic of Germany

Mission: TEXUS 3b

Launch Date/Expt Date: April 1981

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 01-2 isothermal
furnace

Builder of Processing Facility: Messerschmitt-Boelkow-Blohm
(MBB/ERNO), Bremen, Germany

Experiment:
Stability of Compound Mixtures (Immiscibles I)

This TEXUS 3b experiment was the fourth in a series of investiga-
tions designed by Walter et al. to explore the low-gravity
stability of liquid-liquid multi-component systems during melt-
ing, thermal soak, and solidification (see Walter, TEXUS 1, TEXUS
2. TEXUS 3). The specific objective of this experiment was to
investigate and isolate the various mechanisms which govern com-
ponent separation in mixtures exhibiting a miscibility gap.

In a terrestrial laboratory, mixtures of Ag and Na-silicate pow-
ders were mixed, degassed, and hot compacted creating flight
samples of a theoretical density. Reportedly, the glass content
was 35 vol.%, 20 vol.%, and 17 vel.%. <Note: The exact number of
samples investigated was not reported in the available publica-
tions.> The samples were contained in a stainless steel crucible
and placed in the TEXUS Experiment Module TEM 01-2 isothermal
furnace for processing.

Just prior to the rocket launch, the samples were heated to 750
©c. After launch, and during the low-gravity period of the
flight, the samples were heated to 1150 °C and soaked at this
temperature for 2 minutes. Prior to the end of the low-gravity
period and prior to rocket reentry, the samples were cooled to
below 850 °C (Ag melt temperature is 950 ©¢).

Post-flight examination of all the flight samples revealed a com-
plete separation of the Ag and Na/silicate glass materials. The
glass coated the inside of the crucible; the Ag collected at the
core of the samples.
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Reportedly, because thermal gradients in the samples were mini-
mized and Ag is an excellent thermal conductor, Marangoni convec-
tion should have been negligible. Further, because mutually in-
soluble components were used, all coarsening mechanisms related
to nucleation and growth were avoided. Therefore, it was con-
cluded that separation was observed because of coalescence and
wetting due to the high glass volume fraction of the samples. It
could be shown, theoretically, that a dispersion containing a
minority component of greater than 12% would result in a coherent

network of interconnected particles. "This was the case, and the
remelting of such dispersions resulted in coalescence and
redistribution according to wetting conditions." (3, p. 240)

It was concluded that production of dispersions with immiscible
systems is not possible at high volume fractions.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Dispersion Alloys, Immiscible Fluids, Melt and Solidifica-
tion, Isothermal Processing, Powder Metallurgy, Multiphase Media,
Two-Phase System, Model Materials, Binary Systems, Metallic
Matrix, Glasses, Phase Separation, Separation of Components,
Stability of Dispersions, Liquid/Liquid Dispersions, Density Dif-
ference, Drops, Drop Migration, Thermomigration, Sedimentation,
Nucleation, Marangoni Convection, Marangoni Convection
Diminished, Buoyancy Effects, Wetting, Coarsening, Drop Coales-
cence, Thermal Soak, Solidification Front Physics, Liquid/Liquid
Interface, Solid/Liquid Interface, Crucible Effects, Coated Sur-
faces, Material Interaction with Containment Facility, Bubble
Removal

Number of Samples: unknown

Sample Materials: silver particles/sodium glass particles
(Ag*Na*)

Container Materials: stainless steel crucible

Experiment/Material Applications:
See Walter, TEXUS 1 (this chapter).
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References/Applicable Publications:

(1) Walter, H. U.: Preparation of Dispersion Alloys-Component
Separation During Cooling and Solidification of Dispersions of
Immiscible Alloys. In Proc. Workshop on Effect of Gravity on

Solidification of Immiscible Alloys, Stockholm, January 18-20,
1984, ESA SP-219, March 1984, p. 47. (post-flight)

(2) Walter, H. U.: Dispersion Alloys TEXUS-Experiments: TEXUS-V
TEM-01 B, TEXUS VII, TEM-01 B. NASA TM-77531, December 1983.
(post-flight; in connection with other missions)

(3) Immiscibles I. In Summary Review of Sounding Rocket Experi-
ments in Fluid Science and Materials Sciences, TEXUS 1 to 20,
MASER 1 and 2, ESA SP-1132, February 1991, p. 240. (post-flight)

Contact(s):

Dr. Hans Walter
ESA-HQ

8-10, rue Mario-Nikis
F-75738 Paris Cedex 15
France
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Principal Investigator(s): Walter, H. U. (1), Ziegler, G. (2)
Co-Investigator(s): Unknown

Affiliation(s): (1,2) During TEXUS 5: Deutsche Forschungs-und
Versuchsanstalt fur Luft-und Raumfahrt (DFVLR)-WB, Institut fur
Werkstoff-Forschung, Cologne, Federal Republic of Germany; (1)
Currently: European Space Agency (ESA) Headquarters, Paris,
France; (2) Currently: Unknown

Experiment Origin: Federal Republic of Germany

Mission: TEXUS 5

Launch Date/Expt Date: April 1982

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 01-1, Chamber B
Builder of Processing Facility: ERNO Raumfahrttechnik, GmbH,
Bremen, Germany

Experiment:
Stability of Compound Mixtures (Immiscibles II)

This TEXUS 5 experiment was the fifth in a series of investiga-
tions designed by Walter et al. to explore the low-gravity
stability of multicomponent liquid-liquid systems during melting,
thermal soak, and solidification (see Walter, TEXUS 1, TEXUS 2,
TEXUS 3, TEXUS 3b).

Earlier studies by Walter et al. were performed to separate and
evaluate gravity-dependent and gravity-independent mechanisms
which prevent binary systems with miscibility gaps from producing
dispersion alloys when solidified. Results from these previous
experiments demonstrated that dispersions require minority com-
ponent volume fractions below 12%. Therefore, this TEXUS 5 ex-
periment investigated the dispersion stability contributions of
these mechanisms using samples which contained less than 12 vol.%
of the minority component.

Before the TEXUS flight, six Ag-Na glass powder samples (11, 9,
7, 5, 3, and 1 vol.% glass) and two Al-Bi samples (3.6 and 2.0
vol.% Bi) were de-gassed and compacted prior to incorporation
into crucibles. The eight crucibles were then stacked into a
single cartridge and configured in the TEM 01-1 furnace (see Wal-
ter, TEXUS 1 (this chapter), for a general description of the ex-
perimental apparatus).

Just prior to the rocket launch, the cartridge was heated to 750
©°c. During the flight, the TEM 01 furnace produced an isothermal
heating range in one half the cartridge and a gradient heating
range in the other half. The samples containing 11 vol.$%, 9
vol.%, 7 vol.%, and 3 vol.% glass were located in the isothermal
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portion of the furnace; the 5 vol.% and 1 vol.% glass and the Al-
Bi samples were located within the gradient zone of the furnace
(gradients up to 150 °c/cm). (Samples were processed direc-
tionally in the gradient part of the furnace to investigate the
interaction between the moving solidification front and dispersed
particles.) Sample processing took place during the low-gravity
phase of the rocket flight.

Reportedly, the temperature required for homogenization of the
Al-Bi samples was not achieved "...since the samples were located
in the cold end of the cartridge and the temperatures were al-
together too low." (2, p. 25)

Post-flight analysis of the Ag-Na glass samples indicated that
(1) the 11%, 9%, and 7% glass samples experienced partial separa-
tion (see Walter, TEXUS 1, TEXUS 2, TEXUS 3, and TEXUS 3b for
similar results) and (2) the 5%, 3%, and 1% glass samples had
final dispersions which were practically stable. Analysis of
these and earlier results led to the following conclusions:

(1) Material transport caused by Marangoni convection could be
neglected for the Ag-Na glass system.

(2) The stability of the dispersions increased with the decreas-
ing volume percentage of the minority phase. Stability first ap-
peared when volume percentages of the minority phase were less
than 7%. (Stability is defined as the remelted dispersion ap-
proximately corresponding to the starting dispersion.)

(3) An impoverished zone formed at the crucible wall because of
the formation of particle chains. The width of this impoverished
area corresponds to, at a particular concentration, the length of
the particle chains.

(4) There was no interaction between the particles and the
solidification front.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Dispersion Alloys, Immiscible Fluids, Melt and Solidifica-
tion, Isothermal Processing, Directional Solidification, Powder
Metallurgy, Multiphase Media, Two-Phase System, Model Materials,
Binary Systems, Metallic Matrix, Glasses, Bubble Removal, Phase
Separation, Separation of Components, Stability of Dispersions,
Liquid/Liquid Dispersions, Droplet Dispersion, Particle Disper-
sion, Density Difference, Drops, Drop Migration, Thermomigration,
Mass Transfer, Sedimentation, Marangoni Convection, Marangoni
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Convection Diminished, Buoyancy Effects, Wetting, Thermal
Gradient, Solidification Front Physics, Liquid/Liquid Interface,
Solid/Liquid Interface, Crucible Effects, Material Interaction
with Containment Facility, Incomplete Sample Processing

Number of Samples: eight

Sample Materials: six samples: silver particles/sodium-glass par-
ticles (glass content from 1 vol.% to 11 vol.%); two samples: Al-
3.6 vol.%$ Bi, Al-2.0 vol.% Bi

(Ag*Na*, Al*Bi%)

Container Materials: molybdenum encased in common steel con-
tainer

(Mo*)

Experiment/Material Applications::
See Walter, TEXUS 1.

References/Applicable Publications:

(1) Walter, H. U.: Preparation of Dispersion Alloys-Component
Separation During Cooling and Solidification of Dispersions of
Immiscible Alloys. In Proc. Workshop on Effect of Gravity on

Solidification of Immiscible Alloys, Stockholm, January 18-20,
1984, ESA SP-219, March 1984, p. 47. (post-flight)

(2) Walter, H. U.: Dispersion Alloys TEXUS-Experiments (TEXUS-V,
TEM-01 B, TEXUS-VII, TEM-01B). NASA TM-77531, December 1983.
(post-flight)

(3) Immiscibles II. In Summary Review of Sounding Rocket Experi-
ments in Fluid Science and Materials Sciences, TEXUS 1 to 20,
MASER 1 and 2, ESA SP-1132, February 1991, pp. 242-243. (post-
flight)

Contact(s):

Dr. Hans Walter
ESA-HQ

8-10, rue Mario-Nikis
F-75738 Paris Cedex 15
France
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Principal Investigator(s): Walter, H. U. (1), Ziegler, G. (2)
Co-Investigator(s): Unknown

Affiliation(s): (1) During TEXUS 7: Deutsche Forschungs-und Ver-
suchsanstalt fur Luft-und Raumfahrt (DFVLR)-WB, Institut fir
Werkstoff-Forschung, Cologne, Federal Republic of Germany; (1)
Currently: European Space Agency (ESA) Headquarters, Paris,
France; (2) Currently: Unknown

Experiment Origin: Federal Republic of Germany

Mission: TEXUS 7

Launch Date/Expt Date: May 1983

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 01-2 (isothermal
zone furnace)

Builder of Processing Facility: Messerschmitt-Boelkow-Blohm
(MBB/ERNO) , Bremen, Germany

Experiment:
Stability of Digpersions in Metallic Systems with Miscibility
Gaps

This experiment was the sixth in a series of investigations
designed by Walter et al. to explore the low-gravity stability of
multicomponent liquid-liquid systems during melting, thermal
soak, and solidification (see Walter, TEXUS 1, TEXUS 2, TEXUS 3,
TEXUS 3b, TEXUS 5).

"Previous experiments [by Walter et al.] with model systems and
powder metallurgically prepared samples had allowed the study of
the stability of liquid-liquid dispersions and in particular the
influence of the volume fraction. They had shown that the
stability of liquid-liquid dispersions can be obtained only for
volume fractions below 10%. The aim of this experiment was to
check the feasibility of producing metallic dispersions with sys-
tems having a miscibility gap in the liquid state." (3, p. 244)

During the TEXUS 7 experiment the following mechanisms were
investigated: (a) the effect of the volume fraction of the minor
phase, (b) the effect of Marangoni flows, and (c¢) the mutual ef-
fect with the solidification front on the stability of the dis-
persion.

Prior to the rocket flight, a total of eight samples were stacked
in a single cartridge. Samples 1 and 8 were Al-10.0 vol.% In,
samples 2 and 7 were Al-7.0 vol.% Bi, samples 3 and 5 were Al-9.0
vol.% Pb, and samples 4 and 6 were Al-5.0 vol.% Pb. Samples 1-4
were configured in the gradient zone of the TEXUS Experiment
Module TEM 01-2 furnace and samples 5-8 were configured in the
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isothermal zone of the furnace.

Prior to the rocket launch, the samples were heated above their
respective miscibility gap critical temperatures and maintained
at this temperature for 20 minutes. During the low-gravity phase
of the mission, they were cooled and solidified through the mnis-
cibility gap. Thermal gradients larger than 1000 °C/cm were es-
tablished for all samples in the gradient zone. Reportedly, even
the "isothermal" zone samples were subjected to gradients between
10 and 30 °c/cm. "As an average, cooling through the miscibility

gap took 1... [minute] so that the initial dispersion in the 1lig-
uid state should have been between 10° and 10° inclusions/cm
with diameters up to hundreds of microns." (3, p. 244)

Earlier work had determined that, for a volume percent greater
than (approximately) 10% of the minority phase, separation would
occur due to seed formation and subsequent coarsening by coales-
cence (see Walter, TEXUS 5). The metallic dispersions in this
TEXUS 7 experiment illustrated that for minority phase volume
percentages below 10%, dispersions over the entire sample were
obtained although (1) no dispersion with statistical distribution
of inclusions was obtained and (2) there was some separation
which was primarily due to Marangoni flow (see below).

Post-flight metallographic investigations were conducted on
each of the specimens.

Al-10 vol.% In:

Sample 1, which was solidified in the "isothermal zone" and
sample 8, which was solidified in the gradient zone, were com-
pared. Reportedly, the two samples had clearly different struc-
tures. The gradient sample, which was positioned in the cooling
area, solidified "...from below and from the side; the dispersion
exhibits correspondingly linear structure...." (2, p. 32) The
isothermal sample did not contain similar linear elements, rather
"...cloud like circular arrangements of the In-particles... sug-
gest a cellular non-directed solidification...." (2, p. 32)
Eutectic structures were found in some areas.

Al-7 vol.% Bi:

As in samples 1 and 8 above, samples 2 ("isothermal") and 7
(gradient) clearly had different structures. Sample 2 contained
a cellular structure with an enrichment of Bi at its center.
This enrichment was attributed to Marangoni mechanisms. Sample 7
contained linear elements.

Al-9 vol.% Pb:

Comparison of sample 3 ("isothermal") and sample 5 (gradient)
again indicated different structures. Sample 3 had "...an
unusual, possibility radial symmetrical distribution of lead in
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the aluminum matrix... In the center of the sample is a large
droplet-shaped lead inclusion... the dispersion of lead becomes
distinctly more coarse toward the crucible wall." (2, p. 32)
Sample 5, which seems to have solidified quasi-isothermally, had
a fairly uniform distribution of lead.

Al-5 vol.% Pb:

Sample 4 ("isothermal") contained a dispersion which became
", ..increasingly greater toward the top; the particle size... be-
tween a few microns and 200 microns." (2, p. 35) Sample 6
(gradient) had a uniform distribution of particles (average
diameter near 50 microns).

For all samples (those in the gradient zone as well as those in
the "isothermal" zone) a distinct interaction between the inclu-
sions and the solidification front occurred. In the directed
solidification samples, inclusions were arranged in chains paral-
lel to the solidification direction, indicating (1) that a cel-
lular rather than planar front was present in the samples and (2)
that the inclusions were pushed toward the cell boundaries paral-
lel to the solidification front. In the quasi-isothermal
samples, the inclusions also mark the cell boundaries. This was
not observed in earlier experiments with the Ag-Na glass system.
By estimating the solidification rate for each sample, it was

found that "...the droplets interact mutually with the
solidification front up to a radius of 50 microns for a
solidification rate up to 1/mm/s...." (2, p. 38)

Surface tensions gradients, produced by thermal or solutal
gradients in the melt, resulted in Marangoni convection flow
around the droplets. This convective flow transported the drops
toward a higher temperature region (lower surface energqgy). By
comparing identical samples in the gradient and isothermal sec-
tions, Marangoni transport could, reportedly, be qualitatively
proven. The samples within the gradient section (gradients of 90
to 130 ©c/cm) indicated that the hot side (that portion
solidified last) was enriched with droplets and pores. In the
Al-Bi 7 vol.%¥ and the Al-Pb 9 vol.% samples solidified
"isothermally," there was also evidence of Marangoni transport.
"Since cooling took place from the outside inward, the highest
temperature was in the center of the crucible. Accordingly,
transport took place toward the crucible center." (2, p. 40) It
was also reported that for sample 1 (solidified isothermally)
"...no transport takes place as the result of marangoni
convection; either the dispersion is maintained or other
transport phenomena led to an energetically stable configuration,
in which the better wetting component is deposited at the
crucible walls.... Sample 1l... shows quite accurately the first
named distribution." (2, p. 39) The movement of the minority
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phase toward the center of the sample (resulting in a Bi or Pb
rich core at the center of the sample) was thus due to convective
flows toward the middle. The Al-Pb sample, however, showed large
inclusion toward the cell wall. This was probably due to the in-
creased rate of seed growth in this area which resulted from the
greater undercooling around the rim of the sample.

It was concluded that the results "...showed that the dispersions
needed for technological applications cannot be produced by
simply cooling through the miscibility gap even in microgravity.
Marangoni transport has to be counteracted or minimized." (3, p.
244)

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Dispersion Alloys, Metallic Dispersion, Immiscible Fluids,
Melt and Solidification, Isothermal Processing, Directional
Solidification, Solidification Rate, Powder Metallurgy, Multi-
phase Media, Binary Systems, Phase Separation, Separation of Com-
ponents, Stability of Dispersions, Liquid/Liquid Dispersions,
Droplet Dispersion, Particle Dispersion, Density Difference,
Drops, Drop Migration, Particle Migration, Particle Transport,
Particle Size Distribution, Thermomigration, Mass Transfer,
Sedimentation, Coarsening, Drop Coalescence, Particle Coales-
cence, Surface Tension, Surface Tension Gradients, Surface
Energy, Marangoni Convection, Marangoni Movement of Droplets,
Marangoni Movement of Droplets, Wetting, Wetting of Container,
Crucible Effects, Thermal Gradient, Solutal Gradients,
Solidification Front Physics, Planar Solidification Interface,
Inclusion and/or Rejection of Particles, Undercooling,
Liquid/Liquid Interface, Solid/Liquid Interface, Sample
Microstructure, Inclusions, Cellular Morphology, Pores, Eutectics

Number of Samples: eight

Sample Materials: Isothermal samples (given in volume %): (Iso-1)
aluminum/indium (90/10%), (Iso-2) aluminum/bismuth (93/7%), (Iso-
3) aluminum/lead (91/9%), (Iso-4) aluminum/lead (95/9%);
gradient samples (given in volume %): (Grad-5) aluminum/lead
(91/9%), (Grad-6) aluminum/lead (95/5%), (Grad-7)
aluminum/bismuth (93/7%), (Grad-8) aluminum/indium (90/10%)
(Al*In*, Al*Bi*, Al*Pbk)

Container Materials: All samples contained in alumina
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Experiment/Material Applications:

The alloy systems used in this study were selected with regard to

the following criteria:

(1) Minority phase maximum vol.% less than 10%.

32) Miscibility gap temperature range between 600 °C and 1500
C.

(3) Components vapor pressure low within temperature range of in-
terest.

(4) Large component density deferences.

(5) Low component reactivity.

(6) Problem-free preparation and handling.

(7) Material non-toxicity.

Reportedly, the Al-Pb system has potential as a glide bearing
material. Thus, four samples of Al-Pb were processed and only two
samples of each of the other systemns.

See Walter, Texus 1 (this chapter).

References/Applicable Publications:

(1) Walter, H. U.: Preparation of Dispersion Alloys-Component
Separation During Cooling and Solidification of Dispersions of
Immiscible Alloys. In Proc. Workshop on Effect of Gravity on

Solidification of Immiscible Alloys, Stockholm, January 18-20,
1984, ESA SP-219, March 1984, p. 47. (post-flight)

(2) Walter, H. U.: Dispersion Alloys TEXUS-Experiments: TEXUS-V,
TEM-01 B, TEXUS-VII, TEM-01 B. NASA TM-77531, December 1983.

(3) Dispersion Alloys. In Summary Review of Sounding Rocket Ex-
periments in Fluid Science and Materials Sciences, TEXUS 1 to 20,
MASER 1 and 2, ESA SP-1132, February 1991, ESA SP-1132, pp. 244-
245. (post-flight)

Contact(s):

Dr. Hans Walter
ESA-HQ

8-10, rue Mario-Nikis
F-75738 Paris Cedex 15
France
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Unknown

Affiliation(s): (1) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden

Experiment Origin: Sweden

Mission: TEXUS 2

Launch Date/Expt. Date: November 1978

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: Swedish TEXUS experiment module containing
the GF 1 directional solidification furnace

Builder of Processing Facility: Swedish Space Corporation (SSC),
Solna, Sweden

Experiment:
Unidirectional Solidification of a Monotectic Pb-Cu Alloy

This TEXUS 2 experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2 (Chapter 14)). The
specific objective of the experiment was to study the melting and
solidification of an immiscible alloy.

During the TEXUS 2 mission, a Pb-Cu alloy was directionally
solidified in one of the gradient furnaces (GF 1) contained in
-the TEXUS Swedish Module. (See Fredriksson, TEXUS 1, "Dendritic
Growth and Segregation Phenomena, Eutectic Al-Cu and Hypereutec-
tic Al-Cu" (Chapter 14), for a detailed description of the fur-
nace.)

Reportedly, post-flight analysis of the thermal data indicated
that the sample was heat treated as planned.

No discussion of the sample evaluation could be located in the
available publications.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Dispersion Alloys, Metallic Matrix, Monotectic Composi-
tions, Binary Systems, Melt and Solidification, Directional
Solidification, Thermal Gradient, Liquid/Liquid Dispersions,
Liquid/Liquid Interface, Solid/Liquid Interface, Segregation
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Number of Samples: one

Sample Materials: lead-copper alloy
(Pb*Cu*)

Container Materials: unknown

Experiment/Material Applications:
See Fredriksson, TEXUS 2, Segregation Phenomena in Immiscible Al-
loys, Zn-Bi Alloy (this chapter).

References/Applicable Publications:

(1) Grahn, Civ. 1Ing. S.: Swedish Experiment Module. 1In
Shuttle/Spacelab Utilization Final Report Project, TEXUS II,
1978, pp. 214-222. (post-flight; discussion of hardware
performance) .

Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
5-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Unknown, possibly Carlberg, T. (2)
Affiliation(s): (1,2) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden

Experiment Origin: Sweden

Mission: TEXUS 2

Launch Date/Expt. Date: November 1978

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: Swedish TEXUS experiment module containing
four ellipsoidal mirror furnaces (MF 1, MF 2, MF 3, MF 9)

Builder of Processing Facility: Swedish Space Corporation (SSC),
Solna, Sweden

Experiment:
Seqgregation Phenomena in Immiscible Alloys: Zn-Bi Alloys

This TEXUS 2 experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2 (Chapters 14 and
17). The specific objective of this experiment was to study
segregation phenomena in immiscible alloys (composite materials).

The experiment was performed in four ellipsoidal mirror furnaces
contained in the Swedish TEXUS experimental module. (See
Fredriksson, TEXUS 1, Dendritic Growth and Segregation Phenomena,
Eutectic Sn-2Zn (Chapter 14) for a detailed discussion of the fur-
nace.) During the TEXUS 2 mission, four 6-mm diameter, 5-mm long
Zn-Bi alloys (38 wt.% Bi, 24 wt.% Bi, and two 8 wt.% Bi) were
melted, heated above the miscibility gap, and isothermally
resolidified. One 8 wt.% Bi sample was naturally cooled
through the miscibility gap at a rate of 3.6 °Cc/sec, and the
other was cooled at a lower rate of 2.4 OC/sec by switching the
furnace lamps on and off. The other two samples were naturally
cooled at a rate of approximately 3.6 OC/sec. Corresponding con-
trol samples (8 wt.% Bi, 12 wt.% Bi, 16 wt.% Bi, 20 wt.% Bi, 24
wt.% Bi, and 38 wt.% Bi) were melted and resolidified under 1l-g
conditions. <Note: The exact cooling rates of the 1-g processed
samples were not reported.>

Reportedly, all of the samples solidified under 1l-g conditions
exhibited significant segregation of Bi. Large Bi rich droplets
within the Zn matrix could be seen. The formation of these drops
was attributed to sedimentation (gravity effects) during cooling.

The two rocket-processed Zn-8 wt.% Bi samples (solidified at dif-

ferent rates) were distinctly different. The 2.4 °C/sec cooled
sample was surrounded by a thin, even layer of Bi and the Zn
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matrix contained a homogeneous distribution of particles. (The
particles had a mean size of 57.4 microns.) The 3.6 °C/sec
cooled sample had a less homogeneous distribution and a somewhat
thicker layer of Bi surrounding the Zn matrix. (The mean par-
ticle size was also somewhat smaller (49 microns).)

Examination of the low-gravity, 24 wt.% Bi sample revealed a
thick layer (approximately 100 microns maximum) of Bi around the
outside of the sample. A large Bi-rich area was located near the
center of the sample and was in contact with the container at one
point. The Bi particles were unevenly distributed and ranged in
size from 1 to 500 microns. Some of the larger particles were
irregularly shaped indicating particle collision.

The microstructure of the low-gravity, 38 wt.% sample was very
similar in terms of maximum particle size to that of the 24 wt.%
sample. However, the 38 wt.% sample lacked the large Bi-rich
region in the center. The reason for this may have been related
to the following: "Some of [the] Bi rich border [had] been
pressed out of the crucible, and the Bi-content in the sample
[had] thereby been lowered to less than 38%." (1, p. 238)
Reportedly, the Bi-rich layers around the samples were attributed
to either (1) a sedimentation effect caused by residual gravity
levels or (2) an inhomogeneous sample preparation prior to the
flight.

The low-gravity results were compared to a theoretical model
which considered a diffusion-controlled growth rate within the
miscibility gap. It was found that the calculated values of par-
ticle size were much lower than the values obtained from the
space processed samples, indicating that some sort of collision
effect was evident during precipitation.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Dispersion Alloys, Binary Systems, Two-Phase System, Metal-
lic Matrix, Melt and Solidification, Phase Separation, Diffusion,
Diffusion-Controlled Growth, Growth Rate, Solidification Rate,
Passive Cooling, Sedimentation, Segregation, Separation of Com-
ponents, Buoyancy Effects, Drops, Droplet Collision, Drop Forma-
tion, Precipitation, Homogeneous Dispersion, Liquid/Liquid Dis-
persion, Particle Dispersion, Particle Size Distribution,
Isothermal Processing, Sample Homogeneity, Liquid/Liquid Inter-
face, Solid/Liquid Interface, Sample Microstructure, Crucible Ef-
fects, Material Interaction with Containment Fa01llty, Liquid
Leakage, Acceleration Effects
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Number of Samples: four

Sample Materials: bismuth-zinc. Two samples consisted of 8 wt.%
Bi, one consisted of 24 wt.% Bi, and one consisted of 38 wt.% Bi.
(Bi*Zn*) :

Container Materials: unknown

Experiment/Material Applications:

A major contributing feature to the property of a composite is
the size and distribution of the second phase material. It is
desirable that this distribution be as homogeneous as possible.
When solidifying immiscible alloys under 1l-g conditions, separa-
tion of the matrix and second phase material occurs (similar to
the separation of o0il and water) because of sedimentation and
buoyancy effects. It had been proposed that solidification of
immiscibles under low-gravity conditions should result in a
material with a homogeneous distribution of the second phase.
However, earlier low-gravity experiments had indicated that this
was not the case (e.g., see Reference (4) or Lohberg, SPAR 2,
Chapter 17). Rather, a large amount of separation occurred which
indicated other factors were present that controlled the separa-
tion of immiscible alloys. Some of these factors are masked by
gravitational effects and, therefore, cannot be investigated on
Earth. It was, therefore, proposed that these effects be inves-
tigated and their contributions evaluated under low-gravity con-
ditions.

The specific reasons why the Zn-Bi alloys were selected for this
experiment were not detailed in the available publications.

References/Applicable Publications:

(1) Carlberg, T. and Fredriksson, H.: The Influence of
Microgravity on the Structure of Bi-Zn Immiscible Alloys. In
Proceedings of 3rd European Symposium on Material Sciences in
Space, Grenoble, April 24-27, 1979, ESA SP-142, pp. 233-243.
(post-£flight)

(2) Fredriksson, H.: Solidification Studies. 1In Shuttle/Spacelab
Utilization Final Report, Project TEXUS II, 1978, pp. 146-157.
(post-flight)

(3) cCarlberg, T., Fredriksson, H., Sunnerkranz, P., Grahn, S.,
and Stenmark, L.: The Swedish Texus Experiment, A Technical
Description and Some Preliminary Results. Proceedings of Esrange
Symposium, Ajaccio, April 24-29, 1978, ESA SP-135, June 1978.
(preflight TEXUS 2; discusses ellipsoidal furnaces)
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(4) Loéhberg, K., Dietl, P., and Ahlborn, H.: Segregation and
Solidification of Ligquid Aluminum-Indium Alloys Under Zero
Gravity Conditions. In Space Applications Rocket Program-SPAR
II, Final Report, NASA TM-78125, pp. VIITI1-VIII44, November 1977.
(reference to another experiment only.)

(5) cCarlberg, T. and Fredriksson, H.: The Influence of
Microgravity on the Solidification of Zn-Bi Immiscible Alloys. In
Metallurgical Transactions A, Vol. 11A, October 1980, pp. 1665-
1676. .

(6) Solidification of Immiscible Alloys (Zn-Bi). In Summary
Review of Sounding Rocket Experiments in Fluid Science and
Materials Sciences, TEXUS 1 to 20, MASER 1 and 2, ESA SP-1132,
February 1991, pp. 250-251. (post-flight)

Contact(s):

Dr. H. Fredriksson or H. Shahani or T. Carlberg
Dept. of Casting of Metals

Royal Institute of Technology (RIT)

$-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Fischmeister, H. (2)

Affiliation(s): (1) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden; (2) During TEXUS
2: Montanuniversitat Leoben, Leoben, Austria, Currently: Max-
Plank Institut fu Metallforschung, Stuttgart, Germany

Experiment Origin: Sweden

Mission: TEXUS 2

Launch Date/Expt. Date: November 1978

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: Swedish TEXUS Experiment Module containing
one ellipsoidal mirror furnace (MF 10)

Builder of Processing Facility: Swedish Space Corporation (SSC),
Solna, Sweden

Experiment:
Isothermal Solidification of Zn-Pb

This TEXUS 2 experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2 (Chapters 14 and
17)). The specific objective of the experiment was to study the
solidification of an immiscible alloy.

The Zn-Pb alloy was processed in one of ten ellipsoidal mirror
furnaces contained in the Swedish Experiment Module of the TEXUS
sounding rocket. (See Fredriksson, TEXUS 1, "Dendritic Growth
and Segregation Phenomena, Eutectic Sn-Zn" (Cahpter 14), for a
detailed description of the furnace.)

Reference (1) indicated that the "...control system response was
identical to pre-flight test runs and the performance of the fur-
nace can therefore be regarded as nominal." (1, p. 216).

No discussion of the post-flight sample evaluation could be lo-
cated in the available publications.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Metallic Matrix, Two-Phase System, Phase
Separation, Melt and Solidification, Isothermal Processing,
Liquid/Liquid Dispersions, Liquid/Liquid Interface, Solid/Liquid
Interface, Segregation
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Number of Samples: one

Sample Materials: zinc-lead alloy
(Zn*Pb*)

Container Materials: unknown

Experiment/Material Applications:
See Fredriksson, TEXUS 2, Segregation Phenomena in Immiscible Al-
loys, Zn-Bi Alloys (this chapter).

References/Applicable Publications:

(1) Grahn, ¢Civ. 1Ing. S.: Swedish Experiment Module. In
Shuttle/Spacelab Utilization Final Report Project, TEXUS II,
1978, pp. 214-222. (post-flight; discussion of hardware
performance)

Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Unknown

Affiliation(s): (1) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden

Experiment Origin: Sweden

Mission: TEXUS 3

Launch Date/Expt. Date: April 1980

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: Unknown, probably the ESA/SSC experiment
module containing ellipsoidal mirror furnaces

Builder of Processing Facility: (If ESA/SSC module:) Swedish
Space Corporation (SSC), Solna, Sweden

Experiment:
Inniscible Alloys

This TEXUS 3 experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2 (Chapters 14 and
17)). The specific objective of the experiment was to evaluate
the processing of immiscible alloys.

The composition of the experiment sample(s) and a description of
the processing facility were not detailed in the available publi-
cations.

Reportedly, TEXUS 3 did not achieve the desired low-gravity level
because of a rocket despin failure. The experiment was reflown
on TEXUS 3b (see Fredriksson, TEXUS 3b).

No further information of the TEXUS 3 experiment appears to be
available.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Acceleration Effects, Rocket Motion, Rocket Despin Failure

Number of Samples: unknown
Sample Materials: immiscible alloys, specific materials unknown
Container Materials: unknown
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Experiment/Material Applications:
unspecified

References/Applicable Publications:

(1) Greger, G.: TEXUS and MIKROBA and Their Effectiveness and
Experiment Results. Presented at: In Space ’87, October 13-14,
1987, Japan Space Utilization Promotion Center (JSUP) .
(identifies rocket failure)

Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Unknown, possibly Bergman, A. (2)
Affiliation(s): (1) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden, (2) Unknown

Experiment Origin: Sweden

Mission: TEXUS 3b

Launch Date/Expt. Date: April 1981

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: ESA/Swedish Space Corporation experiment
module containing ellipsoidal mirror furnaces

Builder of Processing Facility: Swedish Space Corporation (SscC),
Solna, Sweden

Experiment:
Immiscible Alloys

This Texus 3b experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2, TEXUS 3 (Chapters
14 and 17)). The specific objective of the experiment was to in-
vestigate the precipitation/coalescence process of droplets in a
liquid matrix.

Prior to the flight, eleven Zn-Bi samples were prepared for
processing. Three different compositions (4 wt.% Bi, 6 wt.% Bi,
and 9 wt.% Bi) with varying initial Bi particle distributions
were selected. The samples were configured within the isothermal
mirror furnaces of the TEXUS Swedish experiment module. (See
Fredriksson, TEXUS 1, "Dendritic Growth and Segregation
Phenomena, Eutectic Sn-Zn" (Chapter 14), for a detailed descrip-
tion of the furnaces.) <Note: It appears that only ten mirror
furnaces were available in the experiment module. It is unclear
to the editors if one of the gradient furnaces was used for one
of the samples or if an extra mirror furnace was flown on this
mission.>

During the mission, the samples were heated to just above the
monotectic temperature. They were held at this temperature for a
period of time ranging from 10 to 110 seconds. After this hold
time, the samples were allowed to cool down passively. <Note:
No other details concerning the thermal history of each sample
could be located in the available publications.>

It was reported that "The droplet distributions in the flight
samples were compared with the droplet distributions in reference
samples. It appeared that the coalescence process was much
faster than expected when considering only Ostwald ripening and
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collision processes. The larger the volume fraction of the
droplets, the larger was the difference between predictions and

observations. The precipitated liquid even formed a surface
layer around some samples in which the collision of the droplets
was enhanced accordingly." (1, p. 252)

No other discussion of the results from this experiment could be
located at this time.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Dispersion Alloys, Binary Systems, Metallic Matrix, Phase
Separation, Melt and Solidification, Drops, Drop Coalescence,
Droplet Collision, Droplet Dispersion, Droplet Size, Particle
Dispersion, Particle Size Distribution, Liquid/Liquid Dispersion,
Precipitation, Ostwald Ripening, Liquid/Liquid Interface,
Solid/Liquid Interface, Passive Cooling

Number of Samples: eleven

Sample Materials: Zn-Bi alloys with three different compositions:
(1) 4 wt.% Bi, (2) 6 wt.% Bi, and (3) 9 wt.% Bi

(Zn*Bix)

Container Materials: unknown

Experiment/Material Applications:
See Fredriksson, TEXUS 2, "Segregation Phenomena in Immiscible
Alloys, Zn-Bi" (this chapter).

References/Applicable Publications:

(1) The Coalescence Process in Immiscible Alloys. In Summary
Review of Sounding Rocket Experiments in Fluid Science and
Materials Sciences, TEXUS 1 to 20, MASER 1 and 2, ESA SP-1132,
February 1991, pp. 252-253. (post-flight)

Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Unknown, possibly Bergman, A. (2)
Affiliation(s): (1) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden; (2) Unknown

Experiment Origin: Sweden

Mission: TEXUS 5

Launch Date/Expt. Date: April 1982

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: Swedish TEXUS experiment module containing
mirror furnaces

Builder of Processing Facility: Swedish Space Corporation (SSC),
Solna, Sweden

Experiment:
The Coalescence Process in Immiscible Allovs

This TEXUS 5 experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2, TEXUS 3, TEXUS 3b
(Chapters 14 and 17)).

The experiment was one of two solidification studies performed by
Fredriksson during the TEXUS 5 mission (see also Fredriksson,
TEXUS 5, "Undirectional Solidification of Immiscible Alloys"
(this chapter)). The specific objective of this TEXUS 5 experi-
ment was to study the precipitation and coalescence processes of
droplets in a liquid matrix.

Prior to the mission, seven Zn-4 wt.% Bi samples were prepared.
During this preparation, each sample was quenched at a different
rate; thus, each had a different initial Bi particle size. The
samples were placed in either graphite or boron-nitride crucibles
to allow the study of droplet coalescence dependency on
sample/crucible wetting characteristics.

During the low-gravity portion of the mission, the samples
isothermally processed by (1) heating above the monotectic tem-
perature, (2) holding at this temperature for a period of time,
and (3) cooling passively. <Note: No other discussion of the
thermal history was provided.> Reference samples were processed
on Earth for comparison.

Post-flight, the droplet distribution in the l-g and low-gravity
samples was compared. It was reported that, as in earlier low-
gravity experiments (see e.g., Fredriksson, TEXUS 3b), "...the
coalescence process was much faster than expected when consider-
ing only Ostwald ripening and collision processes. This was at-
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tributed to a Marangoni movement of the droplets. No influence
of the crucible material on the coalescence process could be
detected. The larger... the initial drop size in the samples,
the faster... the coalescence process." (4, p. 254)

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Dispersion Alloys, Binary Systems, Metallic Matrix, Melt
and Solidification, Drops, Drop Coalescence, Droplet Dispersion,
Droplet Size, Particle Dispersion, Particle Size Distribution,
Liquid/Liquid Dispersion, Liquid/Liquid Interface, Surface Ten-
sion, Marangoni Movement of Droplets, Precipitation, Ostwald
Ripening, Segregation, Separation of Components, Isothermal
Processing, Passive Cooling, Solid/Liquid Interface, Crucible Ef-
fects, Wetting, Wetting of Container, Material Interaction with
Containment Facility

Number of Samples: seven

Sample Materials: Zn-4 wt.% Bi

(Zn*Bi*)

Container Materials: Some of the samples were in graphite
crucibles, others were in boron nitride crucibles.

(C*, B*N%*)

Experiment/Material Applications:
See Fredriksson, TEXUS 2, "Segregation Phenomena in Immiscible
Alloys, Zn-Bi" (this chapter).

References/Applicable Publications:

(1) Bergman, A., Fredriksson, H., and Shahani, H.: On the
Mechanism of the Coalescence Process in Immiscible Alloys. 26th
IAF, International Astronautical Congress, Stockholm, Sweden, Oc-
tober 7-12, 1985, IAF Paper 85-274, 8 pp.

(2) Jonsson, R., Wallin, S., and Holm, P.: The Microgravity Re-
search Program Sweden. AIAA 6th Sounding Rocket Conference, Or-
lando, Florida, October 26-28, 1982. (post-flight; discusses
TEXUS 5 and 7 rocket furnaces)
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(3) Bergman, A., Fredriksson, H., and Shahani, H.: The Effect of
Gravity and Temperature Gradients on Precipitation in Immiscible
Alloys. Journal of Materials Science, 23 (1988), pp. 1573-1579.
(post-flight)

(4) The Coalescence Process in Immiscible Alloys. In Summary
Review of Sounding Rocket Experiments in Fluid Science and
Materials Sciences, TEXUS 1 to 20, MASER 1 and 2, ESA SpP-1132,
February 1991, p. 254. (post-flight)

Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S-10044 Stockholm 70

Sweden

17-94



Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Unknown, possibly Bergman, A. (2)
Affiliation(s): (1) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden; (2) Unknown

Experiment Origin: Sweden

Mission: TEXUS 5

Launch Date/Expt. Date: April 1982

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: Swedish TEXUS Experiment Module containing
the Gradient Furnace Assembly

Builder of Processing Facility: Swedish Space Corporation (SSC),
Solna, Sweden

Experiment:
Unidirectional Solidification of Immiscible Allovys

This TEXUS 5 experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
‘phenomena (see Fredriksson, TEXUS 1, TEXUS 2, TEXUS 3, TEXUS 3b
(Chapters 14 and 17)).

The experiment was one of two solidification studies performed
during the TEXUS 5 mission (see also Fredriksson, TEXUS 5, "The
Coalescence Process in Immiscible Alloys" (this chapter)). The
specific objective of this TEXUS 5 experiment was to study the
effect of a temperature gradient on the precipitation of droplets
in an immiscible alloy.

Prior to the flight, two samples were prepared: (1) Cu-36 wt.% Pb
and (2) Cu-42 wt.% Pb. After preparation, each sample was placed
in its own graphite crucible (0.8 mm wall thickness, 65 mm long,
4 mm inner diameter).

The samples were configured within the furnaces of the Swedish
TEXUS Experiment Module such that the bottom of each sample was
threaded to a 6 mm copper rod. The copper rod was in contact
with a phase-change heat sink. (See Fredriksson, TEXUS 1,
"Dendritic Growth and Segregation Phenomena, Eutectic Al-Cu and
Hypereutectic Al-Cu" (Chapter 14), for a more detailed descrip-
tion of the furnace facility.)

During the low-gravity portion of the mission (1) both samples
were melted, (2) the furnace was switched off, and (3) direc-
tional solidification was achieved via heat extraction through
the copper rod and phase-change heat sink. Temperatures were
measured at three locations in each sample.
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Post-flight analysis of the low-gravity, Cu-42 wt.% Pb sample
thermal data indicated that a solidification rate of 50 K/cm was
achieved at the beginning of the experiment and a solidification
rate of 10 K/cm was achieved at the end of the experiment. The
interface growth rate was determined to be 0.7 mm/sec. Metal-
lographic analysis indicated the presence of aligned composite
structure just above the unmelted portion of the Cu-Pb sample.
The amount of aligned structure decreased with distance from the
unmelted section. A large lead-rich area which formed at the top
of the sample was attributed to segregation effects.

Analysis of the 1-g processed Cu-42 wt.% Pb sample (remelted to
10 mm from the bottom, growth rate approx. = 0.4 mm/sec) revealed
a copper-rich structure just above the unmelted section. Above
this was a band of lead followed by an aligned structure. Above
the aligned structure (34 mm from the bottom of the sample) was a
copper dendritic structure. The top portion consisted entirely
of a copper-rich dendritic structure.

<Note: The above results were obtained from Reference (3). No
other publications which discussed the specific results from the
Cu-36 wt.% Pb sample could be located. The remainder of this

summary was obtained from Reference (4), which did not distin-
guish between the two samples.>

"It was observed that, in the space samples, the droplets
migrated towards the hotter region during the precipitation
process. In the ground processed samples [(melted and solidified
in the same furnaces on Earth)], a gravity-induced sedimentation
of the droplets occurred.

"A theoretical treatment of the experimental results was per-
formed. The theory relates the movement of the droplets to the
temperature dependence of the interfacial tension between the
liquid droplets and the liquid matrix." (4, p. 256) (See
Reference (3) for a discussion of the theoretical treatment.)

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Metallic Matrix, Melt and Solidification,
Directional Solidification, Thermal Gradient, Drops, Drop Migra-
tion, Thermomigration, Marangoni Movement of Droplets, Precipita-
tion, Interfacial Tension, Liquid/Liquid Interface, Liquid/Liquid
Dispersion, Solid/Liquid Interface, Segregation, Sedimentation,
Buoyancy Effects, Growth Rate, Solidification Rate, Sample
Microstructure, Dendritic Structure
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Number of Samples: two
Sample Materials: (1) Cu-36 wt.% Pb and (2) Cu-42 wt.% Pb
(Cu*Pb*)

Container Materials: graphite

(C*)

Experiment/Material Applications:
See Fredriksson, TEXUS 2, "Segregation Phenomena in Immiscible
Alloys, Zn-Bi Alloys" (this chapter).

The specific reasons why the Cu-Pb alloys were selected for this
experiment were not detailed in the available publications.

References/Applicable Publications:

(1) Bergman, A., Fredriksson, H., and Shahani, H.: On the
Mechanism of the Coalescence Process in Immiscible Alloys. 26th
IAF, International Astronautical Congress, Stockholm, Sweden, Oc-
tober 7-12, 1985, IAF Paper 85-274, 8 pp.

(2) Joénsson, R., Wallin, S., and Holm, P.: The Microgravity Re-
search Program Sweden. AIAA 6th Sounding Rocket Conference, Or-
lando, Florida, October 26-28, 1982. (post-flight; discusses
TEXUS 5 and 7 rocket furnaces)

(3) Bergman, A., Fredriksson, H., and Shahani, H.: The Effect of
Gravity and Temperature Gradients on Precipitation in Immiscible
Alloys. Journal of Materials Science, 23 (1988), pp. 1573-1579.
(post-flight)

(4) Unidirectional Solidification of Immiscible Alloys. In Sum-
mary Review of Sounding Rocket Experiments in Fluid Science and
Materials Sciences, TEXUS 1 to 20, MASER 1 and 2, ESA SP-1132,
February 1991, pp. 256-257. (post-~flight)

(5) Bergman, A., Carlberg, T., Fredriksson, H., and Stjerndahl,
J.: The Influence of Gravity on the Solidification of Monotectic
and Near Monotectic Cu-Pb alloys. In Materials Processing in the
Reduced Gravity Environment of Space, Proceedings of the
Materials Research Society Annual Meeting, Boston, Massachusetts,
November 1981, pp. 579-592. (preflight, ground-based results)
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Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Unknown

Affiliation(s): (1) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden

Experiment Origin: Sweden

Mission: TEXUS 7

Launch Date/Expt. Date: May 1983

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: Swedish TEXUS Experiment Module containing
the Gradient Furnace Assembly

Builder of Processing Facility: Unknown, possibly Swedish Space
Corporation (SSC), Solna, Sweden

Experiment:
Unidirectional Solidification of Immiscible Alloys

This TEXUS 7 experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2, TEXUS 3, TEXUS 3b,
TEXUS 5 (Chapters 14 and 17)). The specific objective of this
investigation was to study the effect of a temperature gradient
on the precipitation of droplets in an immiscible alloy.

Prior to the TEXUS 7 flight, three Zn-Bi samples with additions
of 3% Cu or 3% Mg were prepared. <Note: The specific composi-
tions of the three Zn-Bi samples were not provided in the avail-
able publications.> After preparation, the samples were placed
in graphite crucibles.

The experimental procedure was the same as that employed during
the earlier TEXUS 5 experiment (see Fredriksson, TEXUS 5,
"Unidirectional Solidification of Immiscible Alloys" (this
chapter)).

It was reported that "During the precipitation process in
microgravity, the droplets migrated towards the hotter region of
the samples due to the Marangoni effect.

"On Earth, the sedimentation of the droplets occurred as expected
but was however balanced by the Marangoni effect when the hot
part of the sample was oriented upwards. No difference was ob-
served between the three samples. <Note: Presumably "the three
samples" refers to the three TEXUS 7 flight samples.> When com-
pared to previous space experiments, it appeared that the move-
ment of the droplets was faster in the Cu-Pb alloys than in the
Zn-Bi alloys. The theoretical treatment of the experimental
results [see Reference (3)] relates the motion of the droplets to
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their interfacial tension. The different behaviors observed in
Cu-Pb and Zn-Bi alloys is due to the different temperature depen-
dence of their interfacial tension." (4, p. 258) <Note: It ap-
pears that the "previous space experiments" concerning Cu-Pb al-
loys refers to a TEXUS 5 experiment by Fredriksson
"Unidirectional Solidification of Immiscible Alloys" (this
chapter) .>

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Ternary Systems, Phase Separation, Melt and Solidification,
Directional Solidification, Thermal Gradient, Drops, Precipita-
tion, Drop Migration, Thermomigration, Marangoni Movement of
Droplets, Interfacial Tension, Segregation, Sedimentation,
Separation of Components, Liquid/Liquid Interface, Liquid/Liquid
Dispersion, Solid/Liquid Interface

Number of Samples: three

Sample Materials: zinc-bismuth alloy samples (compositions
unknown) with additions of either 3% Cu or 3% Mg

(Zn*Bi*Cu*, Zn*Bi*Mg*)

Container Materials: graphite

(C*)

Experiment/Material Applications:
See Fredriksson, TEXUS 2, "Segregation Phenomena in Immiscible
Alloys, Zn-Bi Alloy" (this chapter).

The reasons why Cu and/or Mg were added to the Zn-Bi samples for
this experimemt were not discussed in the available publications.

References/Applicable Publications:

(1) Bergman, A., Fredriksson, H., and Shahani, H.: On the
Mechanism of the Coalescence Process in Immiscible Alloys. 26th
IAF, International Astronautical Congress, Stockholm, Sweden, Oc-
tober 7-12, 1985, IAF Paper #85-274, 8pp.

(2) Jonsson, R., Wallin, S., and Holm, P.: The Microgravity Re-
search Program Sweden. AJIAA 6th Sounding Rocket Conference, Or-
lando, Florida, October 26-28, 1982. (post-flight; discusses
TEXUS 5 and 7 rocket furnaces)
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(3) Bergman, A., Fredriksson, H., and Shahani, H.: The Effect of
Gravity and Temperature Gradients on Precipitation in Immiscible
Alloys. Journal of Materials Science, 23(1988), pp. 1573-1579.
(post-flight)

(4) Unidirectional Solidification of Immiscible Alloys. In Sum-
mary Review of Sounding Rocket Experiments in Fluid Science and
Materials Sciences, TEXUS 1 to 20, MASER 1 and 2, ESA SP-1132,
February 1991, p. 258. (post-flight)

Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Unknown

Affiliation(s): (1) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden

Experiment Origin: Sweden

Mission: TEXUS 12

Launch Date/Expt. Date: May 1985

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: Swedish TEXUS experiment module containing a
gradient furnace

Builder of Processing Facility: Swedish Space Corporation (SSC),
Solna, Sweden

Experiment:
Unidirectional Solidification of Zn-Bi Samples

The structure of immiscible alloys after solidification depends
upon two effects: (1) the gravity-independent, Marangoni convec-
tive movement of the minority phase droplets and (2) gravity-
dependent sedimentation or flotation of the droplets. These two
phenomena can be distinguished by performing unidirectional
solidification experiments under 1l-g and low-gravity conditions.

This TEXUS 12 experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2, TEXUS 3, TEXUS 3b,
TEXUS 5, TEXUS 7, Spacelab 1, TEXUS 10 (Chapters 13, 14 and 17).
The specific objective of the experiment was to investigate the
two effects mentioned above when the influence of gravity was
reduced.

Three Zn-Bi alloys were employed for this study (see the Sample
Materials section for compositions). Prior to the flight, pure
elements (Zn, Bi) were melted in argon using an induction heater.
After the liquid alloys were heated above the maximum temperature
of the miscibility gap, the center section of the cast ingots
were removed and machined to a diameter of 4mm and a length of 60
mm.

The samples were placed in a single graphite tube and configured
in the gradient furnace of the Swedish Experiment Module. Sur-
rounding the graphite was a stainless steel tube. Three ther-
mocouples were placed between the stainless steel tube and
graphite tube. The bottom of the sample contacted a Cu rod.
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During the mission, the samples were melted, the furnace power
switched off, and the Cu rod brought into contact with a phase-
change heat sink. This procedure resulted in directional
solidification of the samples.

Post-flight examination of the samples revealed that "...the
crucible{s] were not closed at the very top resulting in boiling
of... [zinc] during the [low-gravity] experiment.... The boiling
[was] due to the pressure drop in... [the low-gravity
environment]." (1, p. 56)

No other publications which discussed the experiment could be lo-
cated.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Phase Separation, Metallic Matrix, Melt and
Solidification, Directional Solidification, Thermal Gradient,
Minority Phase, Drops, Flotation of Drops, Drop Migration, Ther-
momigration, Marangoni Movement of Droplets, Marangoni Convec-
tion, Interfacial Tension, Sedimentation, Segregation, Separation
of Components, Liquid/Liquid Interface, Liquid/Liquid Dispersion,
Solid/Liquid Interface, Sample Microstructure, Boiling, Pressure
Drop, Processing Difficulties

Number of Samples: three

Sample Materials: (1) Zn-4 wt.% Bi; (2) Zn-6 wt.% Bi; (3) Zn-8
wt.% Bi

(Zn*Bi%)

Container Material: Graphite contained in stainless steel

(C*)

Experiment/Material Applications:
See Fredriksson, TEXUS 2, "Segregation Phenomena in Immiscible
Alloys, Zn-Bi Alloy" (this chapter).

References/Applicable Publications:

(1) Fredriksson, H.: Unidirectional Solidification of Zn-Bi
Samples. In TEXUS 11/12 Abschlussbericht 1985, German Publica-
tion, p. 56. (post-flight)
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Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Unknown

Affiliation(s): (1) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden

Experiment Origin: Sweden

Mission: TEXUS 1l4a

Launch Date/Expt. Date: May 1986

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: ESA/Swedish Space Corporation TEXUS experi-
ment module containing the Gradient Furnace Assembly (GFA). The
GFA was designed for directional solidification experiments and
was originally employed on TEXUS 12.

Builder of Processing Facility: Swedish Space Corporation (SSC),
Solna, Sweden

Experiment:
Unidirectional Solidification of Zn-Bi Samples

This TEXUS 1l4a experiment was one in a series of investigations
designed by Fredriksson to study low gravity solidification
phenomena (see Fredriksson TEXUS 1, TEXUS 2, TEXUS 3, TEXUS 3b,
TEXUS 5, TEXUS 7, Spacelab 1, TEXUS 10, TEXUS 12 (Chapters 13, 14
and 17)). The specific objective of the experiment was to inves-
tigate the directional solidification of Zn-Bi samples.

Reportedly, an unexpected "wobbling motion" of the TEXUS rocket
resulted in uncontrollable vehicle accelerations and the desired
low gravity level of 10 * g was not attained. The experiment was
reflown on TEXUS 14b (see Fredriksson, TEXUS 14b).

No further information concerning this TEXUS l4a experiment ap-
pears to be available.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Metallic Matrix, Binary Systems, Phase Separation, Melt and
Solidification, Directional Solidification, Thermal Gradient,
Sedimentation, Liquid/Liquid Interface, Liquid/Liquid Dispersion,
Solid/Liquid Interface, Rocket Motion, Acceleration Effects
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Number of Samples: unknown

Sample Materials: 2zinc-bismuth, specific compositions unknown
(Zn*Bi*)

Container Materials: unknown, possibly boron nitride

(B*N*)

Experiment/Material Applications:
unspecified

References/Applicable Publications:

(1) Experimentelle Nutzlast und Experimente TEXUS 14. In
BMFT/DFVLR TEXUS 13-16 Abschlussbericht 1988, pp. 53-55. (in
German; post-flight)

(2) Experiment-Module ESA/SSC. In BMFT/DFVLR TEXUS 13-16
Abschlussbericht 1988, pp. 60-61. (gradient furnace assembly)

Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
$-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Unknown

Affiliation(s): (1) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden

Experiment Origin: Sweden

Mission: MASER 1

Launch Date/Expt. Date: March 1987

Launched From: Esrange, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: One high precision isothermal furnace housed
within the Multi-Mission Mirror Furnace Module (M4)

Builder of Processing Facility: SAAB Space, Linképing, Sweden,
and The Swedish Space Corporation, Solna, Sweden

Experiment:
Coalescence Process of Immiscible Alloys

This MASER 1 experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2, TEXUS 3, TEXUS 3b,
TEXUS 5, TEXUS 7, Spacelab 1, TEXUS 10, TEXUS 12, TEXUS 1l4a
(Chapters 13, 14 and 17)). The specific objective of the experi-
ment was to investigate the role of droplet size and Marangoni
convection on the coalescence process in an immiscible Zn-Bi sys-
tem.

Prior to the mission, a single Zn-Bi sample was loaded into a
high precision isothermal furnace within the Multi-Mission Mirror
Furnace (M4) Module. Three mirror arrays and 30 halogen lamps
were configured within the furnace to produce the desired
isothermal temperature distribution on the 200-mm long sample.
Several thermocouples measured the temperature distribution
during processing.

Just prior to rocket launch, the sample was heated to 410 Oc.
During the low-gravity phase of the flight, the temperature was
increased to 475 °C and the sample melted under isothermal condi-
tions. It was anticipated that the temperature would then stabi-

lize for 100 seconds. However, a malfunction of the furnace
(later attributed to "...a component failure in a standard volt-
age regulator..." (1, p. 22)) resulted in termination of the

melting. Solidification of the sample, via blowing nitrogen gas,
proceeded as planned and was completed prior to the re-entry
phase of the mission.

Publications which described the post-flight analysis of the
sample could not be located.
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Key Words: Systems Exhibiting A Miscibility Gap, Immiscible Al-
loys, Binary Systems, Phase Separation, Melt and Solidification,
Isothermal Processing, Drops, Drop Migration, Marangoni Movement
of Droplets, Marangoni Convection, Drop Coalescence, Droplet Dis-
persion, Droplet Size, Particle Size Distribution, Liquid/Liquid
Dispersion, Liquid/Liquid Interface, Solid/Liquid Interface,
Quench Process, Halogen Lamps, Furnace Malfunction, Incomplete
Sample Processing

Number of Samples: one

Sample Materials: ZnBi, composition unknown
(Zn*Bix)

Container Materials: unknown

Experiment/Material Applications:
See Fredriksson, TEXUS 2, "Segregation Phenomena in Immiscible
Alloys: Zn-Bi Alloys" (this chapter).

References/Applicable Publications:

(1) Zaar, J., and Anggard, K.: Maser and Its Effectiveness and
Experimental Results. In: In Space ‘87, Japan Space Utilization
Promotion Center (JSUP), October 13-14, 1987. (post-flight;
short description)

(2) Jénsson, R.: The Microgravity Program in Sweden - Emphasis on
the Materials Rocket Maser. 1In 15th International Symposium on
Space Technology and Science, Tokyo, Japan, May 19-23, 1986, Vol.
2, pp. 2099 - 2110. (preflight)

(3) Zaar, J., Bjoérn, L., and Joénsson, R.: Preliminary MASER 1
Results and the Evolution of the MASER Programme. In Proceedings
of the 8th ESA Symposium on European Rocket and Balloon
Programmes and Related Research, Sunne, Sweden, May 17-23, 1987,
ESA SP-270, pp. 359-361. (post-flight; very short description)

(4) Grunditz, H.: Flight Results of the ESA Experiment Modules in
MASER 1. 1In Proceedings of the 8th ESA Symposium on Rocket and
Balloon Programmes and Related Research, Sunne, Sweden, 17-23 May
1987, ESA SP-270, pp. 363- 367. (post-flight)

(5) Grunditz, H.: Experiment Equipment for Metallurgy and Fluid
Science Studies Under Microgravity. 37th Congress of the Inter-
national Astronautical Federation, Innsbruck, Austria, October 4-
11, 1986. (preflight)
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(6) Jonsson, R.: SSC Microgravity Sounding Rocket Program MASER.
37th Congress of the International Astronautical Federation, In-
nsbruck, Austria, October 4-11, 1986. (preflight)

Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Eliasson, A. (2)

Affiliation(s): (1,2) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden

Experiment Origin: Sweden

Mission: TEXUS 14b

Launch Date/Expt. Date: May 1987

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: ESA/Swedish Space Corporation TEXUS experi-
ment module containing the Gradient Furnace Assembly (GFA) (The
GFA was designed for directional solidification.)

Builder of Processing Facility: Swedish Space Corporation (SSC),
Solna, Sweden

Experiment:
Unidirectional Solidification of Zn-Bi Samples

This TEXUS 14b experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2, TEXUS 3, TEXUS 3b,
TEXUS 5, TEXUS 7, Spacelab 1, TEXUS 10, TEXUS 12, TEXUS 1l4a,
MASER 1 (Chapters 13, 14 and 17)).

The TEXUS 14b investigation, which was a repeat of Fredriksson’s
TEXUS 14a experiment, had the same experimental objectives,
sample preparation, equipment setup, and processing procedure as
did Fredriksson’s earlier TEXUS 12 experiment (see Fredriksson,
TEXUS 12). Briefly, the objective of the experiment was to in-
vestigate how the solidifying structure of immiscible alloys
depends on (1) the gravity-independent, Marangoni convective
movement of the minority phase droplets and (2) gravity-dependent
sedimentation or flotation of the droplets.

It appears that three Zn-Bi alloys were employed for the study
(see MATERIALS section for compositions). Prior to the flight,
pure elements were melted in argon using an induction heater.
After the liquid alloys were heated above the maximum temperature
of the miscibility gap, the center section of the cast ingots
were removed and machined to a diameter of 4mm and a length of 60
mm.

The samples were placed in graphite tubes, inserted into stain-
less steel cartridges, and configured in the gradient furnace of
the Swedish Experiment Module. Prior to launch, the samples were
preheated to 200 ©c. During the low-gravity phase of the mis-
sion, (1) the samples were heated to 650 ©c, (2) the furnace
power was switched off, and (3) the samples directionally
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solidified.

Reportedly, 1-g reference experiments were performed to enable
comparison to the low-gravity results.

"The growth rate [of the low-gravity samples] deduced from the
temperature recordings could be expressed as follows:

= 1.28...(* (sgrt z))lmm/sec. <Note: "z" was not
defined.> The temperature gradient was evaluated to be around 80
K/cm. The microstructure consisted of Bi-rich droplets

precipitated in a monotectic matrix. The number and the average
droplet size were evaluated as a function of the distance from
the heat sink." (3, p. 260) Reportedly, there were no Bi
droplets (TEXUS-processed samples) from the bottom of the samples
(nearest to the heat sink) to a distance of 3.5 cm (total sample
length of 6 cm). From this point the number and size of the
droplets increased with increasing distance up the samples. Ex-
amination of the reference samples also revealed no droplets near
the bottom. The portion of the reference samples from 2 to 3.5
cm (as measured from the bottom) contained a few large inclu-
sions. Above this region were large numbers of small droplets.

"The difference in droplet distribution between the reference ex-
periments and the flight experiments can be described by the
movement of the droplets due to gravity in the reference experi-
ments and the movement of the droplets due to Marangoni convec-

tion in the flight experiments. No explanation to the droplet
free area at the very bottom of the samples has been found." (1,
p. 69)

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Monotectic Compositions, Metallic Matrix,
Phase Separation, Melt and Solidification, Directional
Solidification, Thermal Gradient, Minority Phase, Drops, Flota-
tion of Drops, Drop Migration, Thermomigration, Marangoni Move-
ment of Droplets, Marangoni Convection, Droplet Dispersion,
Liquid/Liquid Dispersion, Liquid/Liquid Interface, Precipitation,
Sedimentation, Separation of Components, Solid/Liquid Interface,
Sample Microstructure, Inclusions

Number of Samples: three

Sample Materials: (1) Zn-4 wt.% Bi, (2) Zn-6 wt.% Bi and (3) Zn-8
wt.% Bi.

(Zn*Bi*)
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Container Materials: graphite contained in stainless steel
(C*)

Experiment/Material Applications:
See Fredriksson, TEXUS 2, "Segregation Phenomena in Immiscible
Alloys, Zn-Bi Alloy" (this chapter).

References/Applicable Publications:

(1) Eliasson, A. and Fredriksson, H.: Unidirectional Solidifica-
tion of Zn-Bi Samples. In BMFT/DFVLR TEXUS 13-16
Abschlussbericht, 1988, pp. 66-69. (post-flight)

(2) Experiment-Module ESA/SSC. In BMFT/DFVLR TEXUS 13-16
Abschlussbericht 1988, pp. 60-61. (gradient furnace assembly)

(3) Unidirectional Solidification of Zn-Bi Samples. In Summary
Review of Sounding Rocket Experiments in Fluid Science and
Materials Sciences, ESA SP-1132, February 1991, pp. 260-261.
(post-flight)

Contact(s):

Dr. H. Fredriksson or H. Shahani
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Sunnerkrantz, P. A. (2)

Affiliation(s): (1,2) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden

Experiment Origin: Sweden

Mission: MASER 2

Launch Date/Expt. Date: February 1988

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: Multi-Mission Mirror Furnace Module (M4):
(One of the two available isothermal mirror furnaces was used.
The furnace employed three linear-elliptical mirror arrays.)
Builder of Processing Facility: Saab Space, Linképing, Sweden,
and the Swedish Space Corporation, Solna, Sweden

Experiment:
A Study of the Coalescence Process of Immiscible Alloys in Large
Samples

This MASER 2 experiment was one in a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2, TEXUS 3, TEXUS 3b,
TEXUS 5, TEXUS 7, Spacelab 1, TEXUS 10, TEXUS 12, TEXUS 1l4a,
MASER 1, TEXUS 14b (Chapters 13, 14 and 17)). The overall ob-
jective of the experiment was to study the coalescence process of
immiscible alloys. More specifically, the experiment was
designed to study the effect of droplet size and Marangoni con-
vection on the coalescence process.

The experiment was performed in the MASER Multi-Mission Mirror
Furnace Module (M4). The M4 contained two identical isothermal
mirror furnaces, one of which was used for this investigation.
(The other furnace was used by Kozma (see Kozma, MASER 2 (Chapter
18)).) The furnace was "...equipped with three linear-elliptical
mirror arrays and each array... [was] furnished with a set of ten
halogen lamps. These lamps... [were] individually controlled by
a microcomputer to give the correct temperature profile on the
sample....”"” (1, p. 13) Three thermocouples in the sample and
nine thermocouples in the crucible were positioned to provide a
thermal record of the processing. A spring/piston assembly was
configured in the sample crucible to (1) insure good thermal con-
tact of the sample and (2) compensate for solidification
shrinkage (and, therefore, alleviate material free surfaces).

During the experiment, a single sample of Zn-Bi was processed.
The dimensions of this "large" sample were not detailed. It ap-
pears that the sample was preheated to 410 °C just prior to
launch (although this is not clearly stated in Reference (3)).
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It was reported that once the low-gravity phase of the mission
was attained, él) the molten sample temperature was to be main-
tained at 425 ¥C and (2) quick melting and solidification was to
take place at near isothermal conditions. (Solidification was to
occur just prior to leaving the low-gravity phase of the mis-
sion.)

Post-flight examination of the payload indicated that (1) the M4
operated essentially as expected, (2) controlled heating and
cooling of the sample was achieved, and (3) sample material
leakage from the crucible into the furnace occurred and zinc con-
densed on some of the furnace mirrors. Reportedly, the flight
sample was 15 mm shorter than expected due to this material
leakage.

The flight thermocouple data (from the middle of the sample) in-
dicated that the sample melted approximately 300 seconds after
the low-gravity phase had been achieved (or 1150 seconds into the
flight). It was noted that this melting time was significantly
longer than the time it takes for a ground-based sample to melt
(95 seconds). An analysis of the entire thermocouple data avail-
able in the sample and crucible indicated that "...the melting
starts at one end and passes as a wave along the sample." (3, Ap-
pendix 5, p. 8) Cooling of the sample was initiated at 1190
seconds, solidification began at 1210 seconds, and complete
solidification was achieved at 1280 seconds (just prior to leav-
ing the low-gravity phase).

It was reported that the flight sample cooled slower than the
Earth-processed sample. This slower cooling "...created a...
[20 ©C] temperature difference between the sample and the
crucible. Large temperature differences also exist[ed] along the
sample." (2, Appendix 5, p. 8)

Preliminary metallographic examinations of the sample indicated
that an uneven droplet distribution was present. It was reported
that this distribution appeared to be "...very influenced by the
conditions during the cooling and solidification of the sample.
It... [was] also possible that some mixing of the melt... [was]
due to the movement involved in the leakage." (3, Appendix 5, p.
9)

Further discussion of the sample analysis was not presented and
additional information could not be located which described the
overall results of this experiment.
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Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Melt and Solidification, Thermal Gradient,
Isothermal Processing, Cooling Rate, Drops, Drop Migration,
Marangoni Movement of Droplets, Marangoni Convection, Drop
Coalescence, Droplet Dispersion, Droplet Size, Volume Compensa-
tion, Free Surface Elimination, Liquid/Liquid Interface,
Solid/Liquid Interface, Liquid/Liquid Dispersion, Sample
Shrinkage, Contamination Source, Liquid Leakage, Liquid Transfer,
Piston System, Halogen Lamps, Processing Difficulties

Number of Samples: one
Sample Materials: Zn-Bi
(Zn*Bi*)

Container Materials: unknown

Experiment/Material Applications:
See Fredriksson, TEXUS 2, "Segregation Phenomena in Immiscible
Alloys: Zn-Bi Alloys" (this chapter).

References/Applicable Publications:
(1) Zaar, J. and Dreier, L.: MASER II Final Report. RMLO/1-7,
Swedish Space Corporation, August 30, 1988. (post-flight)

(2) Zaar, J. and Anggard, K.: MASER and Its Effectiveness and
Experimental Results. In: In Space ‘87, October 13-14, 1987,
Japan Space Utilization Promotion Center (JSUP). (short
description; preflight)

(3) The Coalescence Process of Immiscible Alloys in Large
Isothermal Samples. In MASER II Final Report, RMLO/1-7, Swedish
Space Corporation, August 30, 1988, Appendix 5, pp. 8-11. (post-
flight)

Contact(s):

Dr. H. Fredriksson or P. A. Sunnerkrantz
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S-10044 Stockholm 70

Sweden
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Principal Investigator(s): Fredriksson, H. (1)
Co-Investigator(s): Eliasson, A. (2)

Affiliation(s): (1,2) Department of Casting of Metals, Royal In-
stitute of Technology (RIT), Stockholm, Sweden

Experiment Origin: Sweden

Mission: MASER 2

Launch Date/Expt. Date: February 1988

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: Swedish Space Corporation Gradient Furnace
(SSC/GF) (This equipment was used during the earlier MASER 1
mission (see Fredriksson, MASER 1).)

Builder of Processing Facility: Swedish Space Corporation, Solna,
Sweden

Experiment:
Gradient Solidification of Immiscible Alloys, Zn-Pb

The structure of immiscible alloys is dependent (in part) on (1)
convective flow resulting from the imposed thermal gradient and
acting gravitational force, (2) Marangoni movement of the
droplets as dictated by the thermal gradient, and (3) sedimenta-
tion or flotation of the droplets as dictated by the imposed
gravitational force.

This MASER 2 experiment was one of a series of investigations
designed by Fredriksson to study low-gravity solidification
phenomena (see Fredriksson, TEXUS 1, TEXUS 2, TEXUS 3, TEXUS 3b,
TEXUS 5, TEXUS 7, Spacelab 1, TEXUS 10, TEXUS 12, TEXUS 14a,
MASER 1, TEXUS 14b (Chapters 13, 14 and 17)). The specific ob-
jective of the experiment was to study "...the influence of a
thermal gradient on the precipitation of droplets during the
solidification of immiscible alloys." (4, p. 262)

Prior to the rocket launch, two 4-mm diameter, 65-mm long Zn-Pb
samples were prepared. The first sample consisted of 4 wt.% Pb
and the second sample consisted of 2.5 wt.$% Pb. Each sample was
configured in its own furnace within the MASER Gradient Furnace
(GF) Module. (The GF module, which consisted of four furnaces in
all, was also used during MASER 2 for another experiment (see
Fredriksson, MASER 2, Primary Precipitated Crystal in Directional
Solidification Al-cu (Chapter 14)).) The module was configured
such that the sample temperature could be measured at three dif-
ferent locations.

Just prior to the rocket launch, both furnaces were heated to 310

Oc. Approximately 80 seconds after launch, rapid heating of the
two samples was initiated. At approximately 130 seconds after
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launch, the 2.5 wt.% Pb sample had been heated to 575 ©°C and the
4.0 wt.% Pb sample had been heated to 610 °cC (both of these tem-
peratures were above the miscibility gap of the materials).
Unidirectional solidification was achieved when a copper plug
(which was in contact with the bottom of each sample) was brought
into contact with a phase change heat sink after the furnaces
were switched off. Heat was extracted through the copper plug
and into the heat sink (which contained paraffin wax). (The
samples were cooled through the miscibility gap during the low-
gravity rocket phase.)

Post-flight plots of the sample temperature-vs-time curves il-
lustrated that the growth rate of the monotectic solidification
front followed a parabolic growth law: v = k*sqgrt(t) where k =
1.9 (m) (sqrt(sec)) for the low-gravity (10'4 g) samples and k
=1.6 (m) (sqrt(sec)) for the terrestrial (l-g) reference samples.

Preliminary results as summarized in Reference (3) included the
following:

"The temperature gradient was evaluated to be around 70 k/cm for
the 1074 g samples and around 80 k/cm for the 1-g samples.

"The microstructure consist([s] of Pb-... [droplets] precipitated
in a monotectic matrix." (3, p. 5) <Note: Although it was stated
that "There is a clear and observable difference in droplet dis-
tribution between the 1g and 10'4g samples" (3, p. 5), no further
details of these differences were presented.>

"[The droplet distribution]... can be explained by the movement
of the droplets due to gravity in the 1g samples and the movement
of the droplets due to Marangoni convection in the 10'4[g]
samples." (3, p. 5)

Reference (4) briefly reported the following:

"The metallographic analysis of the samples indicated that the
precipitated droplets migrated as expected towards the hottest
regions of the samples due to interfacial tension gradients. A
theoretical analysis could be performed by correlating the obser-
vations with the thermal profile recorded during the flight. The
different migration velocities observed between the systems Zn-
Pb, Zn-Bi and Cu-Pb [see Fredriksson’s work on other MASER and
TEXUS flights for information on these other systems] could be
related to the different temperature... [dependencies] of the
corresponding interfacial tensions. The migration velocity of
the droplets increases with an increasing temperature dependence
of interfacial tension (accordingly, the higher velocities were
observed in the Cu-Pb system).

17-117



"In a Zn-Bi sample processed on the ground under thermally stabi-
lizing conditions (hottest region at the top of the sample), the
Marangoni effect even balanced the gravity-driven sedimentation
of Bi-rich droplets of given size." (4, p. 262)

Very 1little additional information concerning this experiment
could be located at this time.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Metallic Matrix, Binary Systems, Phase Separation, Melt and
Solidification, Directional Solidification, Thermal Gradient,
Minority Phase, Drops, Droplet Size, Drop Velocity, Particle Dis-
tribution, Drop Migration, Thermomigration, Interfacial Tension,
Marangoni Movement of Droplets, Marangoni Convection, Flotation
of Drops, Droplet Dispersion, Liquid/Liquid Dispersion,
Liquid/Liquid Interface, Precipitation, Sedimentation, Buoyancy-
Driven Convection, Monotectic Compositions, Sample Microstruc-
ture, Solid/Liquid Interface

Number of Samples: two

Sample Materials: (1) Zn-2.5 wt.% Pb, (2) Zn-4 wt.% Pb
(Zn*Pb*)

Container Materials: graphite

(C*)

Experiment/Material Applications:
Direct applications were unspecified for the Zn-Pb system.

References/Applicable Publications:

(1) Zaar, J. and Anggard, K.: Maser and Its Effectiveness and
Experimental Results. In: In Space ’87, October 13-14, 1987,
Japan Space Utilization Promotion Center (JSUP), 32 pp.
(preflight)

(2) Zaar, J. and Dreier, L.: MASER II Final Report. RMLO/1-7,
Swedish Space Corporation, August 30, 1989. (post-flight)
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(3) Elisasson[sic], A. and Fredriksson, H.: Gradient Solidifica-
tion of Immiscible Zn-Pb Alloys in Maser II. In MASER II Final
Report, RMLO/1-7, Swedish Space Corporation, August 30, 1989, Ap-
pendix 3, 6 pp. (post-flight)

(4) Directional Solidification of Immiscible Alloys Zn-Pb. Z7n
Summary Review of Sounding Rocket Experiments in Fluid Sci ce
and Materials Sciences, ESA SP-1132, February 1991, pp. 262-263.
(post-flight)

Contact(s):

Dr. H. Fredriksson or A. Eliasson
Dept. of Casting of Metals

Royal Institute of Technology (RIT)
S5-10044 Stockholm 70

Sweden
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Principal Investigator(s): Pant, P. (1)
Co-Investigator(s): Shifflett, L. (GSFC Technical Manager) (2)
Affiliation(s): (1) During TEXUS 2: FRIED. Krupp GmbH, Krupp
Forschungsinstitut, Essen, Federal Republic of Germany,
Currently: Unknown; (2) National Aeronautics and Space Ad-
ministration (NASA), Goddard Space Flight Center (GSFC), Green-
belt, Maryland

Experiment Origin: Federal Republic of Germany

Mission: TEXUS 2

Launch Date/Expt. Date: November 1978

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 01: Multi-
Purpose Furnace

Builder of Processing Facility: Messerschmitt-Boelkow-Blohm
(MBB/ERNO) , Bremen, Germany

Experiment:
Fundamental Studies of the Manganese-Bismuth System

When a Mn-Bi alloy is in a liquid state, it exhibits a mis-
cibility gap. At 445 °Cc, an intermetallic, ferromagnetic com-
pound Mn1 Bi (with X approximately equal to 0.08) will form
perltectlcally Upon further cooling to 340 ©c, the high-
temperature Mn,_, Bi phase decomposes and forms the low-
temperature, st01chlometrlc compound MnBi according to the
reaction:

It has been shown that Mn-Bi alloys of the peritectic composition
possess a high magnetic coercive strength. However, sedimenta-
tion and buoyancy, combined with the formation of peritectic en-
velopes around first-created crystals, tend to impede the con-
tinuous formation of the alloy structure. As a result, when a
manganese-bismuth alloy solidifies under 1-g conditions, man-
ganese accumulates in the upper part of the melt because of den-
sity differences between the constituents. This characteristic
behavior results in a solidified alloy containing less than 20%
of the MnBi phase. On Earth, pure MnBi can only be produced by
powder technology, in the form of thin films and small monocrys-
tals.

This TEXUS 2 experiment was the first in a series of investiga-
tions designed by Pant et al. to study the effects of the low-
gravity environment on the solidification of a manganese-bismuth
alloy. The specific objectives of this experiment were to (1)
investigate the low-gravity processing of immiscible alloys for
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possible technical and commercial applications, (2) determine
whether gravity-independent mechanisms (e.g., Marangoni
convection) rather than gravity-dependent mechanismns
(sedimentation and buoyancy) were responsible for the separation
of the constituents of this immiscible alloy, and (3) determine
if the Mn-Bi peritectic reaction can proceed freely in the ab-
sence of gravity, resulting in either a fine and homogeneous dis-
persion of MnBi or even a specimen of pure MnBi.

Prior to the rocket flight, two Mn-Bi samples were prepared.
Sample 1 was composed of 50 at.% Mn/50 at.% Bi (stoichiometric
composition) and sample 2 was composed of 27.34 at.% Mn/72.66
at.% Bi (peritectic composition). The two samples (each 10.7 mm
dia. and 19.6 mm long) were placed in Chamber C of the TEXUS Ex-
periment Module TEM 01 Multi-Purpose Furnace. (Chamber C was one
of four compartments available in the furnace. The other cham-
bers were not used by this Principal Investigator during this
mission.) A thermocouple was located at (1) each end of the
cartridge and (2) between the samples.

Prior to launch, the samples were heated to a temperature between
200 and 300 °C. Throughout the duration of the low-gravity
period (approximately 375 seconds at a gravity level less than
10"%* g) the samples were melted (1150 °C) and resolidified.
Prior to the rocket re-entry sequence, cooling of the samples to
less than 200 °C was accomplished by a He flow. The cooling rate
of sample 1 was 9.5 oC/s while that of sample 2 was 7.5 OC/s.
The thermocouple readings indicated that each sample was sub-
jected to a significant thermal gradient. A similar ground-
based, control experiment was performed for comparison purposes.

Post-flight examination of sample 1 revealed that a significant
amount of gaseous inclusions was distributed throughout the
sample. <Note: The source of the gas was not detailed.> (No in-
clusions were present in the corresponding 1-g sample since the
gas escaped during melting and solidification.) The gas was un-
able to escape during the flight experiment and was able to form

inclusions within the solidified material. The sample had
small areas of segregation around the inclusions (probably due to
the interaction between the gas inclusions and melt). However,

the rest of the sample showed little gross segregation compared
to the 1-g sample. The flight sample also had a 30% increase in
the MnBi peritectic phase over the 1-g processed sample (18% by
wt. for the 1-g sample versus 23% by wt. for the low-gravity

sample). A more uniform distribution of the MnBi phase and smal-
ler MnBi particle size were also evident in the reduced-gravity
sample. The particle size results agreed well with theory; in

the absence of thermal convection, particle growth is reduced.

17-121



Flight sample 2 exhibited results similar to those of sample 1
with the exception that sample 2 had significantly fewer gaseous
inclusions resulting in less local segregation.

Coercivity values for the two flight and two ground-based samples
were determined at temperatures of 295 K, 77 K, and 4.2 K. Typi-
cally, the coercive strength of MnBi magnets is highly dependent
on temperature with coercivity values approaching zero at 1low
temperatures. Therefore, magnetization measurements at room tem-
perature were performed using a hystereosograph while those at
low temperatures were performed using a He-bath cryostat with a
superconducting magnet. The flight samples, in general, had a
significant improvement in coercivity values despite the presence
of anti-ferromagnetic Mn. This improvement was attributed to (1)
the small particle size of the MnBi phase, (2) an increase in the
percentage of the MnBi phase, and (3) the homogeneous distribu-
tion of the MnBi phase. Other details concerning the coercivity
measurement procedures can be found in Reference (1), p. 58.

Reportedly, this study did not determine if continuous peritectic
structure formation can be achieved in the low-gravity environ-

ment. However, ground-based experiments, using a new method,
where "...a quasi infinitely thin molten zone migrates through a
specimen consisting of a Mn-Bi alloy with 20% Mn" (1, p. 59)

indicated that it is possible (within a limited area of the
sample) to produce pure MnBi. Reportedly, with more time avail-
able under reduced-gravity conditions, it may be possible to
produce a pure MnBi intermetallic.

The following conclusions were reported:

(1) Gravity-independent forces had no effect on the solidifica-
tion of the samples.

(2) The low-gravity samples had a significant increase in the
amount of ferromagnetic MnBi phase.

(3) The low-gravity samples had a smaller particle size and more
uniform distribution of the MnBi phase than the 1-g processed
samples.

(4) Magnetic property improvement of the low-gravity samples was
due to improved structure.
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Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Metallic Matrix, Intermetallics, Ferromag-
netic, Peritectic Reaction, Stoichiometric Compound, Magnetic
Composites, Magnetic Properties, Coercive Strength, Phase Separa-
tion, Melt and Solidification, Thermal Gradient, Density Dif-
ference, Sedimentation, Buoyancy Effects, Segregation, Separation
of Components, Dispersion, Homogeneous Dispersion, Particle Dis-
persion, Particle Distribution, Particle Size Distribution, Par-
ticle Growth, Inclusions, Marangoni Convection, Marangoni Move-
ment of Droplets, Liquid/Vapor Interface, Liquid/Liquid Inter-
face, Liquid/Liquid Dispersion, Solid/Liquid Interface, Buoyancy
Effects Diminished, Sample Microstructure, Gas Formation, Bubble
Formation, Quench Process, Cooling Rate

Number of Samples: two

Sample Materials: Manganese-bismuth alloys: Sample 1: 50 at.
Mn/50 at.% Bi (stoichiometric composition); Sample 2: 27.34 at.
Mn/72.66 at.% Bi (peritectic composition)

(Mn*Bi*)

Container Materials: molybdenum alloy TZIM

(Mo¥*)

[
)
)
)

Experiment/Material Applications:

It has been shown that Mn-Bi alloys of the peritectic composition
possess a high magnetic coercive strength. This property is due
to the presence of the intermetallic MnBi phase. However, when
melted on Earth, the Mn tends to rise to the top of the crucible.
This separation results in (1) a decrease in the amount of Mn
available for the formation of the MnBi intermetallic and (2) a
decrease in the coercive strength since Mn is anti-ferromagnetic.
The production of large monocrystals of MnBi would be of major
importance for further investigations in the field of magnetics
and magneto-optics.

The compositions of the two Mn-Bi samples processed under low-
gravity conditions were selected as "...an appropriate supplement
to the Mn-Bi experiment with eutectic composition (2.2 at.% Mn;
97.8 at.% Bi) which was carried out during the ASTP mission." (1,
p. 50) (See Larson, ASTP (this chapter) to review the results of
the ASTP sample.)
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References/Applicable Publications:

(1) Pant, P.: Fundamental Studies in the Manganese-Bismuth Sys-
tem. Shuttle/Spacelab Utilization Final Report Project TEXUS II,
1978, pp. 48-61. (post-flight)

(2) Pant, P., Krupp, F., Wijingaard, J., and Haas, C.: Physical
Properties of MnBi Specimens Produced in Microgravity. 27th
Aerospace Sciences Meeting, January 9-12, 1989, Reno, Nevada.
(post-flight)

(3) Pant, P.: Grundlagenuntersuchungen im System Mangan-Wismut
unter verminderter Schwerkraft im Rahmen des TEXUS-II-Projektes.
Tech. Mitt. Krupp Forsch. Ber. Band 37 (1979), H. 2, pp. 70-78.

(4) Pant, P.: Fundamental Studies on the Manganese-Bismuth System
in Microgravity. Proc. 6th European Symposium on Material
Sciences Under Microgravity Conditions, Bordeaux, France, Decem-
ber 2-5, 1986, pp. 335-338. (post-flight)

(5) Pant, P.: Poster presentation of the results of the
microgravity experiments in TEXUS II, STS 007, and STS 025. Con-
ference on Gravitational Effects on Material Processes, August
17-21, 1987, New London, Hampshire. (post-flight)

(6) Pant, P., Wijingaard, J. H., and Haas, C.: Physical
Properties of MnBi-Specimens Produced in Microgravity. <Note:
The publication status of this document is unclear at this time.
Reportedly, the document was to be published in Journal of
Spacecraft and Rockets.> (post-flight)

(7) Input received from Principal Investigator P. Pant, June
1989.

(8) Fundamental Studies in the Manganese-Bismuth System. In Sum-
mary Review of Sounding Rocket Experiments in Fluid Science and
Materials Sciences, TEXUS 1 to 20, MASER 1 and 2, ESA SP-1132,
February 1991, pp. 248-249. (post-flight)

Contact(s):
Dr. P. Pant
Current Work Address Unknown
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Principal Investigator(s): Pant, P. (1)

Co-Investigator(s): Shifflett, L. (GSFC Technical Manager) (2)
Affiliation(s): (1) During STS-007: FRIED. Krupp GmbH, Krupp
Forschungsinstitut, Essen, Federal Republic of Germany,
Currently: Unknown; (2) National Aeronautics and Space Ad-
ministration (NASA), Goddard Space Flight Center (GSFC), Green-
belt, Maryland

Experiment Origin: Federal Republic of Germany
Mission: STS Launch #7, STS-007 (STS 31-C, Challenger)
Launch Date/Expt. Date: June 1983
Launched From: NASA Kennedy Space Center, Florida
Payload Type: West German Get Away Special (GAS) MAUS Canister
DG-206A; SPAS STS Deployed Satellite
Volume of Canister: 5.0 cubic feet
Location of Canister: The West German Shuttle Pallet Satellite
(SPAS-01)
(SPAS was a small experiment carrier initially configured in the
STS payload bay but later deployed into orbit by the Canadian
Remote Manipulator Arm. The carrier was retrieved prior to the
end of the shuttle mission.)
Primary Developer/Sponsor of DG-206A: Deutsche Forschungs-und
Versuchsanstalt fur Luft-und Raumfahrt (DFVLR),
Germany/Messerschmitt-Boelkow-Blohm (MBB-ERNO), Bremen, Germany
<Note: The DFVLR is now called the Deutsche Forschungsanstalt fur
Luft- und Raumfahrt (DLR).>
Processing Facility: TEXUS Experiment Module TEM 01 (isothermal
four-chamber furnace)
Builder of Processing Facility: Messerschmitt-Boelkow-Blohnm
(MBB/ERNO), Bremen, Germany

Experiment:
Fundamental Studies in the Manganese-Bismuth System (DG-206)

This STS-007 experiment was the second in a series of investiga-
tions designed by Pant et al. to study the effects of the low-
gravity environment on the solidification of a Mn-Bi alloy (see
Pant, TEXUS 2). The experiment was flown as part of the German
MAUS payload onboard the space shuttle (MAUS payload DG-206).

Earlier work by Pant during the TEXUS program indicated that
processing Mn-Bi alloys under reduced-gravity conditions resulted
in (1) a significant increase in the formation of MnBi phase, (2)
a smaller MnBi particle size and more uniform distribution of the
MnBi phase, and (3) magnetic property improvement over 1-g
processed samples. It was believed that processing times longer
than that available during a sounding rocket flight would result
in samples with a higher MnBi phase content (and thus improved
magnetic properties).
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During the mission, eight Mn-50 at.% Bi samples were to be
processed in four chambers of the TEM 01 isothermal furnace. The
specimens were to be heated to 1150 °C, cooled down to the
peritectic temperature (455 ©C), and held at this temperature for

up to 3 hours. However, because of an "...electromagnetic fault,
it was only possible to melt the two specimens in chamber A and
cool them down... [uncontrollably]." (3, p. 336)

Post-flight examination of the two melted specimens revealed the
presence of very large Mn particles. The formation of these par-
ticles was attributed to the slow cooling rate. Extremely large
MnBi crystals were also present in the samples.

Reportedly, the design of the MAUS equipment apparatus did not
allow the use of high cooling rates. High cooling rates are
necessary for the production of very fine Mn particles, and, in
turn, fine Mn particles are necessary for the peritectic reaction
(the formation of MnBi phase) to freely proceed. Therefore, it
was proposed that during the next flight experiment the following
time-temperature profile be utilized:

"Heating to the peritectic temperature with subsequent tempera-
ture oscillation around the peritectic temperature (delta T =
20°C) over a period of 180 min. and 60 min." (3, p. 336)

No further information concerning this experiment could be lo-
cated at this time.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Metallic Matrix, Intermetallics, Peritectic
Reaction, Stoichiometric Compound, Magnetic Composites, Magnetic
Properties, Coercive Strength, Melt and Solidification, Isother-
mal Processing, Cooling Rate, Phase Separation, Density Dif-
ference, Sedimentation, Buoyancy Effects, Segregation, Separation
of Components, Dispersion, Homogeneous Dispersion, Particle Dis-
persion, Particle Distribution, Particle Size Distribution,
Liquid/Liquid Interface, Liquid/Liquid Dispersion, Solid/Liquid
Interface, Sample Microstructure, Hardware Malfunction, Process-
ing Difficulties, Sample Not Processed As Planned

Number of Samples: eight

Sample Materials: manganese-bismuth (50 at % Mn and 50 at % Bi)
(Mn*Bi*)

Container Materials: unknown
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Experiment/Material Applications:
See Pant, TEXUS 2.

References/Applicable Publications:
(1) STS-7 Cargo Systems Manual: SPAS-01, JSC-18350 Final Ver-
sion, NASA JSC, December 21, 1982. (preflight)

(2) pPant, P., Krupp, F., Wijingaard, J., and Haas, C.: Physical
Properties of MnBi Specimens Produced in Microgravity. 27th
Aerospace Sciences Meeting, January 9-12, 1989, Reno, Nevada,
AIAA 89-030. (post-flight)

(3) Pant, P.: Fundamental Studies on the Manganese-Bismuth System
in Microgravity. In Proc. 6th European Symposium on Material
Sciences Under Microgravity Conditions, Bordeaux, France, Decem-
ber 2-5, 1986. (post-flight)

(4) Pant, P.: Poster presentation of the results of the
microgravity experiments in TEXUS II, STS 007, and STS 025. Con-
ference on Gravitational Effects on Material Processes, August
17-21, 1987, New London, Hampshire. (post-flight)

(5) Baum, D., Otto, G., and Vits, P.: MAUS-A Flight Opportunity
for Automated Experiments Under Microgravity Conditions. Acta
Astronautica, Vol. 11, No. 3-4, pp. 239-245, 1984. (no results
reported)

(6) Baum, D., Stolze, H., and Vits, P.: First Flight Data From
MAUS Payloads on STS 7 and STS 11. 35th Congress of the Interna-
tional Astronautical Federation, October 7-13, 1984, Lausanne,
Switzerland, IAF-84-137, 11 pp. (post-flight)

(7) Ridenoure, R.: GAS Mission Summary and Technical Reference
Data Base. Ecliptic Astronautics Co., Technical Report # EAC-TR-
RWR 87-11, October 2, 1987. (Get Away Special Canister mission
history)

(8) Input received from Principal Investigator P. Pant, June
1989.

Contact(s):
Dr. P. Pant
Current Work Address Unknown
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Principal Investigator(s): Pant, P. (1)

Co-Investigator(s): Shifflett, L. (GSFC Technical Manager) (2)
Affiliation(s): (1) During STS-025: FRIED. Krupp GmbH, Krupp
Forschungsinstitut, Essen, Federal Republic of Germany,
Currently: Unknown; (2) National Aeronautics and Space Ad-
ministration (NASA), Goddard Space Flight Center (GSFC), Green-
belt, Maryland

Experiment Origin: Federal Republic of Germany
Mission: STS Launch #18, STS-025 (STS 51-G, Discovery)
Launch Date/Expt. Date: June 1985
Launched From: NASA Kennedy Space Center, Florida
Payload Type: West German Get Away Special (GAS) MAUS Canister
DG-206B (Also designated as NASA Get Away Special (GAS) Canister
G-028)

Volume of Canister: 5.0 cubic feet

Location of Canister: STS Payload Bay
Primary Developer/Sponsor of G-028/DG-206B: Deutsche Forschungs-
und Versuchsanstalt far Luft-und Raumfahrt (DFVLR),
Germany/Messerschmitt-Boelkow-Blohm (MBB-ERNO), Bremen, Germany
<Note: The DFVLR is now called the Deutsche Forschungsanstalt fur
Luft- und Raumfahrt (DLR).>
Processing Facility: TEXUS Experiment Module TEM 01 (isothermal
four-chamber furnace)
Builder of Processing Facility: Messerschmitt-Boelkow-Blohm
(MBB/ERNO), Bremen, Germany

Experiment:
Fundamental Studies of the Manganese-Bismuth System

This STS-025 experiment was the third in a series of investiga-
tions designed by Pant et al. to study the effects of the low-
gravity environment on the solidification of a Mn-Bi alloy (see
Pant, TEXUS 2, STS-007). The experiment was flown as part of the
German MAUS program onboard the U.S. space shuttle.

The specific objectives of the investigation were to (1) deter-
mine whether other mechanisms, besides those due to gravity ef-
fects, were responsible for the separation of phases in the Mn-Bi
alloy and (2) determine if the Mn-Bi peritectic reaction can
proceed freely in the absence of gravity (see Pant, TEXUS 2).

Typically, homogenization of MnBi specimens followed by rapid
cooling at the peritectic temperature results in a fine-grained
structure of Mn and MnBi within a Bi matrix. The available MAUS
hardware, however, was not equipped with a cooling gas supply and
rapid cooling was not possible. Therefore, a different time-
temperature profile was used (see Pant, STS-007, for a discussion
of this procedure).
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During the mission, six Mn-Bi samples (50 at.% Mn and 50 at.% Bi)
were melted and solidified in three chambers of the TEM 01
isothermal furnace. Before solidification, the saqples were
", ..subjected to temperature oscillations between 450 “C and 470
Oc with 10 minute intervals for three hours." (9, p. 5) (The
peritectic temperature for the Mn-Bi system is 455 ©cC.)

Post-flight examination of the processed samples confirmed the
results from an earlier TEXUS 2 experiment by Pant et al.
Gravity independent Marangoni convection (resulting from dif-
ferences in interfacial energies between the MnBi particles) did
not produce segregation in the samples. Despite the lack of
rapid cooling, and thus the absence of the homogenization
process, the flight samples contained an extensive amount of MnBi
formation. Low temperature magnetization measurements (see
Reference (9) for experimental details) revealed that the samples
consisted of up to 44.4 mass percent MnBi.

The large amount of MnBi phase present in the procured materials
permitted the samples to undergo subsequent thermomechanical
treatment of the materials. Extrusion at 220 ©c, produced
specimens which were 2 mm in diameter and up to 80 mm in length.
A major result of this treatment was very surprising: the ex-
truded flight material consisted of nearly 100% MnBi phase. It
was reported that this result was due to "...the high pressures
achieved during extrusion just below the melting point (a tem-
perature where Bi atoms already have high mobility) [which] in-
duces rapid diffusion and subsequent formation of the MnBi
phase." (9, p. 6) (Mn-Bi alloys solidified on Earth cannot
typically by subjected to this type of thermomechanical process;
differing hardnesses of the three phases (Mn, Bi, MnBi) and an
abundance of Mn in the system make the terrestrial samples dif-
ficult to deform.)

Low temperature magnetization measurements revealed that the ex-
truded flight samples contained up to 95.7% MnBi phase. Sub-
sequent X-ray diffraction measurements and cell parameter deter-
minations supported the presence of large amounts of the MnBi
phase. Room temperature magnetic measurements demonstrated that

extrusion results in the formation of the MnBi phase and "...also
imparts a texture which yields an improvement in the magnetic
values in a preferred direction." (9, p. 8)

Electrical resistivity measurements (at temperatures between 4.2
K and 300 K) were made of the flight and extruded flight
specimens and were compared to the TEXUS 2 flight specimens. Be-
cause the residual resistivity at T = 0 is due to atomic disorder
and foreign atoms within the crystalline phases, this measurement
provides an indication of the quality of the specimen.
Reportedly, the samples processed on the shuttle had lower
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residual resistivities than the TEXUS 2 specimens. The extruded
flight sample had the lowest residual resistivity of the three.
The residual resistivity of the low-gravity processed material
was compared to that from single crystals of MnBi (see Reference
(9) for source of the MnBi single crystal residual resistivity
data). It was determined that values for the extruded flight
material were one to two orders of magnitude higher than those
for single crystals of MnBi. This was attributed to a large
amount of atomic disorder and defects within the extruded flight
specimen caused by the extrusion process.

The low temperature resistivity of the extruded, 95% MnBi sample
illustrated a T dependency which could indicate a number of
scattering processes: s-d electron-electron scattering, magnon
scattering, and impurity (interstitial) scattering. However, the
residual resistivity measurement and the large value of the T
multiplier indicated that magnon scattering is the process in ef-
fect. (Reference (6) also includes discussions on the Seebeck
and Hall effects.)

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Metallic Matrix, Intermetallics, Peritectic
Reaction, Stoichiometric Compound, Magnetic Composites, Magnetic
Properties, Melt and Solidification, Phase Separation, Density
Difference, Sedimentation, Buoyancy Effects, Segregation, Separa-
tion of Components, Dispersion, Homogeneous Dispersion, Particle
Dispersion, Particle Distribution, Interfacial Energy, Marangoni
Convection, Marangoni Convection Diminished, Diffusion, Thermal
Oscillations, Cooling Rate, Liquid/Vapor Interface, Liquid/Liquid
Interface, Solid/Liquid Interface, Sample Microstructure, Hard-
ness

Number of Samples: six

Sample Materials: 50 at.%$ Mn and 50 at.% Bi
(Mn*Bi*)

Container Materials: molybdenum alloy TZM
(Mo*)

Experiment/Material Applications:
See Pant, TEXUS 2.

17-130



References/Applicable Publications:
(1) Cargo Systems Manual: GAS Annex for STS 51-G, JSC-17645 51-G,
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(12) Input received from Principal Investigator P. Pant, June
1989.

Contact(s):
Dr. P. Pant
Current Work Address Unknown
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Principal Investigator(s): Pirich, R. G. (1), Larson, D. J., Jr.
(2)

Co-Investigator(s): Unknown

Affiliation(s): (1,2) Grumman Aerospace Corporation, Bethpage,
New York

Experiment Origin: USA

Mission: SPAR 6

Launch Date/Expt. Date: October 1979

Launched From: White Sands Missile Range, New Mexico

Payload Type: Sounding Rocket Experiment

Processing Facility: Automated Directional Solidification System
(ADSS) (The ADSS was designed to insure that furnace transla-
tions resulted in a total ADSS momentum of 2zero.) <Note: The
ADSS was later called the Automated Directional Solidification
Furnace (ADSF).>

Builder of Processing Facility: General Electric, Pennsylvania.
<Note: It is not clear if this General Electric division was lo-
cated in Philadelphia, Pennsylvania or King of Prussia, Pennsyl-
vania.>

Experiment:
Directional Solidification of Magnetic Composites (76-22)

Directional solidification of eutectic Bi/MnBi results in an en-
semble of MnBi rods, dispersed in a Bi terminal matrix solution.
The eutectic is sensitive to thermosolutal convections within the
melt. These convections result in growth rate fluctuations and
subsequently, microstructural variations. These variations often
lead to changes in rod diameter, interrod spacing,
electronic/magnetic properties, etc.

This SPAR 6 experiment was the first in a series of investiga-
tions designed by Pirich and/or Bethin et al. to study the low-
gravity directional solidification of a Bi/MnBi eutectic. It was
suspected that a reduction of thermosolutal convection would be
realized during the experiment, thus allowing an assessment of
the role of gravity driving microstructural variations.

Ninety minutes prior to the rocket launch, the four furnaces
within the Automated Directional Solidification System (ADSS)
were preheated. (Each furnace contained a single Bi/MnBi
sample.) Approximately 120 seconds after launch, the low-gravity
phase was attained, and commencement of solidification took
place. <Note: The specific preheating and processing tempera-
tures of each sample were not clearly stated.> The four samples
were solidified in a Bridgman-Stockbarger configuration; the
thermal gradients maintained at about 100 °c/cm, the furnace
speeds regulated at about 30 cm/hr.
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Reportedly, one of the ampoules broke at launch. Analysis of
the three other flight samples indicated that very uniform,
cooperative growth had occurred during the low-gravity process-
ing. Comparison of flight samples with similarly processed
ground-based samples indicated that the flight samples exhibited
significant reductions in (1) mean rod diameter, (2) interrod
spacing and (3) bulk volume fractions. Thermal profiles and mag-
netic properties of ground and flight samples were very similar.

Many other details concerning the sample analyses are discussed
in Reference (1).

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Eutectics, Magnetic Composites, Magnetic Properties, Fer-
romagnetic, Electrical Properties, Binary Systems, Melt and
Solidification, Directional Solidification, Bridgman Technique,
Thermal Gradient, Growth Rate, Furnace Translation, Solutal
Gradients, Thermosolutal Convection, Buoyancy-Driven Convection,
Dispersion, Particle Dispersion, Liquid/Liquid Interface,
Solid/Liquid Interface, Planar Solidification Interface, Interrod
Spacing, Sample Microstructure, Rod Structure, Rocket Vibration,
Acceleration Effects, Payload Survivability

Number of Samples: four

Sample Materials: bismuth/bismuth-manganese samples: 0.72 +/-
0.03 wt.% Mn resulting in a MnBi volume fraction of 3.18 +/-
0.009.

(Bi*/Mn*Bi*)

Container Materials: quartz

(Si*o*)

Experiment/Material Applications:

"The Bi/MnBi eutectic was chosen because its microstructure is
characterized by a regular rod eutectic morphology when grown by
plane-front solidification with cooperative growth...." (1, p.VI-
1) Further, the system is "...sensitive to thermal and solutal
instabilities produced by convective flows. In addition, the
equilibrium phase of MnBi is highly ferromagnetic and its mag-
netic properties can be used to characterize the effect of
solidification processing and convection on rod size, shape, and
alignment." (1, p. VI-1)
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References/Applicable Publications:

(1) Pirich, R. G. and Larson, D. J.: SPAR VI Technical Report for
Experiment 76-22 - Directional Solidification of Magnetic Com-
posites. 1In Space Processing Applications Rocket Project SPAR VI
Final Report, NASA TM-82433, pp. VI-i - VI-58. (post-flight)

(2) Pirich, R. G., Larson, D. J. Jr., and Busch, G.: SPAR and
ASTP Studies of Plane Front Solidification and Magnetic
Properties of Bi/MnBi. ATAA 18th Aerospace Sciences Meeting,
January 14-16, 1980, Pasadena, California, AIAA-80-0119, 6 pp.
(post-flight)
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Plane-Front Solidification and Magnetic Properties of Bi/MnBi.
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(4) General Electric Company, Space Sciences Laboratory, Operat-
ing Manual for Automated Directional Solidification System.
Prepared for NASA under Contract NAS8-35136, June 1978.
(processing facility)

Contact(s):

Ronald G. Pirich

Mail Code A01-026
Grumman Corporation
Bethpage, NY 11714-3580

Dr. David J. Larson, Jr.
Research Center A01-026
Grumman Corporation

Bethpage, NY 11714-3580
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Principal Investigator(s): Pirich, R. G. (1)

Co-Investigator(s): Unknown

Affiliation(s): (1) Grumman Aerospace Corporation, Bethpage, New
York

Experiment Origin: USA

Mission: SPAR 9

Launch Date/Expt. Date: January 1981

Launched From: White Sands Missile Range, New Mexico

Payload Type: Sounding Rocket Experiment

Processing Facility: Automated Directional Solidification System
(ADSS) /Automated Directional Solidification Furnace (ADSF-1) (The
ADSS was designed to insure that furnace translations resulted in
a total ADSS momentum of zero.)

Builder of Processing Facility: Original configuration built by
General Electric, King of Prussia, Pennsylvania

Experiment:
Directional Solidification of Magnetic Composites (76~22/2)

This SPAR 9 experiment was the second in a series of investiga-
tions designed by Pirich and/or Bethin et al. to study the low-
gravity directional solidification of a Bi/MnBi eutectic (see
Pirich, SPAR 6).

During the mission, four samples were solidified in a Bridgman
Stockbarger configuration in the Automated Directional

Solidification System (ADSS). A planar solidification interface
was produced at approximately 265 ©C; a furnace gradient of 100
°c/cm was maintained. While a furnace velocity of 30 cm/h was

employed on SPAR 6, a 50 cm/h rate was employed during this SPAR
9 mission.

Flight samples were compared to similarly produced ground-
processed samples. Reportedly, the morphology of the flight
samples was striking. "As was observed during the SPAR VI ex-
periment conducted at a lower solidification velocity of 30 cm/h,
the MnBi rod diameter and interrod spacing distributions were
significantly smaller, approximately 50%, for the low gravity

samples. Accompanying the smaller MnBi rod diameters, the smal-
lest ever achieved in the Mn-Bi system, was an increase in per-
manent magnet properties. For example, the intrinsic coercivity
reached greater than 97% of the theoretical maximum, the largest
ever observed in the Mn-Bi systen. Also, in-situ thermal

measurements during solidification showed a statistically sig-
nificant lower solidification temperature in low gravity compared
with one %;avity with an increased interfacial undercooling of
about 5.5 . In addition, a lower volume fraction of dispersed
MnBi, on the order of 8% was indicated for most of the low
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gravity interval of solidification. This suggests a change in
the equilibrium diagram in the vicinity of the eutectic composi-
tion which is in qualitative agreement with the increased under-
cooling noted during low gravity solidification. Gravitationally
induced convection is suggested to explain the morphological dif-
ferences between one and low gravity solidification." (1, p. III-
iii)

Many other details concerning sample analyses can be found in
Reference (1).

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Metallic Matrix, Eutectics, Magnetic Composites, Magnetic
Properties, Ferromagnetic, Electrical Properties, Binary Systems,
Melt and Solidification, Directional Solidification, Bridgman
Technique, Thermal Gradient, Undercooling, Solutal Gradients,
Thermosolutal Convection, Buoyancy-Driven Convection, Buoyancy
Effects Diminished, Dispersion, Particle Dispersion, Solidifica-
tion Rate, Liquid/Liquid Interface, Solid/Liquid Interface,
Planar Solidification Interface, Growth Rate, Furnace Transla-
tion, Interrod Spacing, Sample Microstructure, Rod Structure

Number of Samples: four

Materials: bismuth/bismuth-manganese samples: 0.72 +/- 0.03 wt.%
Mn resulting in a MnBi volume fraction of 3.18 +/- 0.09.
(Bi*/Mn*Bix*)

Container Materials: quartz

(Si*0%*)

Experiment/Material Applications:
See Pirich, SPAR 6

References/Applicable Publications:

(1) Pirich, R. G.: SPAR IX Technical Report for Experiment 76-22
Directional Solidification of Magnetic Composites. 1In Space
Processing Applications Rocket (SPAR) Project, SPAR IX Final
Report, NASA TM-82549, pp. III-i - III-46, January 1984. (post-
flight)
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(2) DeCarlo, J. L. and Pirich, R. G.: Directional Solidification
of Bi-Mn Alloys Using an Applied Magnetic Field. Final Report, 1
January 1, 1984-December 31, 1986 (Grumman Research Corporation),
NASA CR-179127, 46 pp. (related ground-based research)

(3) General Electric Company, Space Sciences Laboratory, Operat-
ing Manual for Automated Directional Solidification Systenmn.
Prepared for NASA under Contract NAS8-31535, 1978. (processing
facility)

Contact(s):

Ronald G. Pirich

Mail Code A01-026
Grumman Corporation
Bethpage, NY 11714-3580
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Principal Investigator(s): Potard, C. (1)

Co-Investigator(s): Morgand, P. (2)

Affiliation(s): (1,2) During SPAR 9: Département de Metallurgie,
Lab. d’Etude de la Solidification, Centre d’Etudes Nucléaires de
Grenoble (CENG), Grenoble, France; (1) Currently: Centre d’Etudes
et de Recherches sur les Matériaux (CEREM), Département d’Etudes
des Matériaux (DEM), Centre d’Etudes Nucléaires de Grenoble
(CENG), Grenoble, France; (2) Currently: Retired

Experiment Origin: France

Mission: SPAR 9

Launch Date/Expt. Date: January 1981

Launched From: White Sands Missile Range, New Mexico

Payload Type: Sounding Rocket Experiment

Processing Facility: General Purpose Rocket Furnace (Two of the
three available heated cavities in the GPRF were dedicated to
this experiment.)

Builder of Processing Facility: National Aeronautics and Space
Administration (NASA), Marshall Space Flight Center, Huntsville,
Alabama

Experiment:
Directional Solidification of Immiscible Aluminum Indium Allovs
(Experiments 76-51/1 and 76-51/2)

This SPAR 9 experiment was the first in a series of investiga-
tions designed by Potard et al. to study low-gravity directional
solidification. The specific objectives of the investigation
were to (1) analyze the mechanisms which control the solidifica-
tion process of an immiscible alloy and (2) obtain a regularly
dispersed structure of a hypermonotectic composition.

Two of the three cavities of the SPAR 9 General Purpose Rocket
Furnace (GPRF) were dedicated to this experiment. Each cavity
contained two silicon carbide cartridges. In the first cavity,
each cartridge contained a hypermonotectic composition Al-32.08
wt.% In sample. In the second cavity, one cartridge contained a
sample of the hypermonotectic composition and the other cartridge
contained a monotectic composition Al-16.0 wt.% In sample. It
was noted that "Because of the non-regular shape of the
crucible..., total [ground-based] filling was not possible. Con-
sequently, large free volumes were unavoidable. This drawback
may lead to perturbations of the thermal field and of ligquid
dynamics." (1, p. IV-4)

Prior to the rocket flight, the samples were heated to well above
the solidus (see Reference (1) or Reference (2) for
time/temperature profiles of the experiment). At the time of the
rocket launch, the sample temperatures ranged from 735 °C to 860
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©°Cc. During the rocket flight, the samples in the first cavity
were subjected to a high thermal gradient and the samples in the

second cavity were subjected to a low thermal gradient. The
samples were molten throughout the low-gravity phase of the
rocket flight. Solidification was initiated prior to the re-
entry period by introducing a He gas flow along the outside of
the cavities. Similar samples were processed on Earth for com-
parison.

Post-flight examination of the samples was achieved via (1)
gamma-ray and metallographic (light metallography, SEM) tech-

niques as well as (2) thermal analysis techniques. (A discussion
of the thermal analysis is provided in Reference (1).) It was
reported that the main result of the research "...lies in the

preservation of a certain degree of dispersion of the indium
primary phase. This result is radically different from those al-
ready obtained under microgravity conditions on the same system
and compositions [e.g., see Loéhberg, SPAR 2 (this chapter)]."™ (2,
p. 252)

The main reasons for the above result were reported to be:

(1) capillarity factors: (a) differential wetting of Al and In on
the silicon carbide cavity surface and (b) capillary convection
due to thermal gradients and concentration gradients and

(2) solidification factors: (a) interaction between solidifica-
tion front and second phase material and (b) coalescence of
second phase globules.

It was further reported that the presence of free volumes created
difficulties in interpreting the results, as expected (see
Reference (1) or Reference (2) for detailed discussion of
results).

Analysis/Results of each of the four flight samples and similarly
processed ground based samples are presented in detail in
Reference (1).

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Monotectic Compositions, Hypermonotectic
Compositions, Metallic Matrix, Phase Separation, Melt and
Solidification, Directional Solidification, Interface Physics,
Solidification Front Physics, Homogeneous Dispersion,
Liquid/Liquid Dispersion, Liquid/Liquid Interface, Particle
Coalescence, Drop Coalescence, Segregation, Free Surface, Surface
Tension, Thermal Gradient, Solutal Gradients, Wetting, Wetting of
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Container, Capillary Flow, Capillary Forces, Thermocapillary Con-
vection, Marangoni Convection, Solid/Liquid Interface, Quench
Process

Number of Samples: four

Sample Materials: three Al1-32.08 wt.% In samples, one Al-16.0
wt.% In sample

(Al*In%*)

Container Materials: silicon carbide

SixC*

Experiment/Material Applications:
The specific reason why these Al-In alloys were selected for the
experiments was not detailed in the available publications.

References/Applicable Publications:

(1) Potard, C.: SPAR IX Experiments 76-51/1 and 76-51/2 Direc-
tional Solidification of Immiscible Aluminum-Indium Alloys. In
Space Processing Applications Rocket (SPAR) Project, SPAR IX
Final Report, NASA TM-82549, pp. IV-1 - VI-79, January 1984.
(post-flight)

(2) Potard, C.: Structures of Immiscible Alloys Solidified Under
Microgravity Conditions. Acta Astronautica, Vol. 9, No. 4, pp.
245-254, (post-flight)

(3) Directional Solidification of Al-In Alloys in Microgravity:
Results of the Basic Preparatory Investigations. ATAA 17th
Aerospace Science Meeting, New Orleans, 1978, pp. 1-8.
(preflight)

(4) Input received from Experiment Investigator, July 1989 and
August 1993.

Contact(s):

Dr. Claude Potard

Centre d’Etudes Nucléaires de Grenoble (CENG)

Centre d’Etudes et de Recherches sur les Matériaux (CEREM)
Département d’Etudes des Matériaux (DEM)

Boite Postale 85X

38041-GRENOBLE Cédex

France
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Principal Investigator(s): Heide, W. (1)

Co-Investigator(s): ESA-ESTEC (2)

Affiliation(s): (1) Battelle-Institute, Frankfurt, Germany; (2)
Noordwijk, The Netherlands

Experiment Origin: Federal Republic of Germany

Mission: TEXUS 5

Launch Date/Expt. Date: April 1982

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 02-1 (large-
chamber furnace and acoustic mixer). (The mixer was designed to
operate within previously existing furnace hardware.)

Builder of Processing Facility: Acoustic Mixer: Battelle In-
stitute, Frankfurt, Germany; Furnace: Messerschmitt-Boelkow-Blohm
(MBB/ERNO), Germany

Experiment:
Acoustic Mixing

Previous low-gravity research concerning the processing of immis-
cible alloys (e.g., see Fredriksson, TEXUS 2 (this chapter))
revealed that the solidification behavior of these systems was
more complicated than originally anticipated. Sedimentation and
buoyancy, for example (gravity-dependent phenomena) were not the
only factors contributing to the separation of alloy con-
stituents. Wetting and thermocapillary effects also limited the
stability of the alloy systems.

This TEXUS 5 experiment was the first in a series of investiga-
tions designed by Heide and/or Langbein et al. to study the be-
havior of immiscible systems under low-gravity conditions.

An acoustic mixer, used to ultrasonically mix metallic melts, was
developed for the experiment. The mixer allowed low-temperature
processing of the immiscible material: the two components were
heated to just above their respected melt temperatures.
(Previously, alloys had been heated above the miscibility gap to
mix the components.) Thus, the benefits of acoustic mixing in-
cluded (1) a reduction in experiment power requirements and (2) a
shortened sample cooling time. These benefits were important be-
cause of the short low-gravity period (approximately 6 minutes)
available during the TEXUS sounding rocket mission.

Reportedly, the objectives of the investigation were to (1) func-
tionally test the acoustic mixer under low-gravity conditions,
(2) produce a fine dispersion alloy from a binary system exhibit-
ing a liquid-phase miscibility gap, and (3) study the particle
growth in a finely-dispersed metal-melt emulsion.
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Prior to launch, a Zn-5 wt.% Pb sample was placed in a metal
cartridge. Two thermocouples, configured at the bottom of the
first- and second-thirds of the outside of the crucible (T1 and
T2, respectively) were used to monitor temperature. The mixing
system consisted of a piezoelectrically excited, stepped horn
transducer which was mounted to the furnace structure. The
acoustic energy radiates into the molten material via a mixing
tool. "The front face cooler... [was]... fixed to the [sample]
cartridge and in direct contact with the melt. The tip of the
mixing tool... [was]... sealed against the mounting structure by
a metal diaphragm to confine the metal melt to the cartridge.
[The] cartridge and diaphragm... [were]... CVD-coated with TiN or
covered with flexible graphite foil to avoid inter-metallic al-
loying with the contacting melt." (1, p. 100)

A functional test of the hardware was conducted between 400 and
350 seconds before launch. Then, just prior to launch, the Pb-Zn
alloy was melted using the TEM 02 large chamber furnace equipped
with the acoustic mixer.

Sixty seconds after launch, the mixer was automatically in-
itiated. The sample temperature was between 474 and 484 °C) at
this time. At 150 seconds after launch, directional solidifica-
tion was initiated by He blast cooling. Thermocouple T1 indi-
cated that the temperature at this 1location was 418 ©c
(solidification temperature) at 255 seconds after launch. At
this time "...the ultrasonic mixing was interrupted to allow un-
disturbed coagulation of the Pb-Zn emulsion within the mnmiddle
zone of the sample." (1, p. 101) The mixer was then switched
back on when the solidification front reached T2 (309 seconds
after launch). The mixer was switched off when the temperature
at T2 reached 390 ©°c¢ (380 seconds after launch). On Earth,
reference samples were similarly processed for comparison.

Post-flight examination of the Pb-Zn sample indicated that the
performance of the acoustic mixing system was satisfactory and
the metal melt was emulsified. Specifically, "...the coalescence
of the inclusions during the directional solidification of a bi-
nary alloy with miscibility gap in the liquid state can be coun-
teracted by continuously dispersing them with an acoustic mixer."
(4, p. 268) As expected, at the time the acoustic mixer was shut
off, the low-gravity sample exhibited weaker coagulation than ob-
served in the 1-g reference sample. 1In both samples coagulation
resulted in an increase in the lead particle diameter when the
mixer was swithched off. However, the diameters of the lead par-
ticles in the low-gravity sample were smaller than those of the
1-g sample. This difference was attributed to the weaker
coagulation in the low-gravity processed material.
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Since the relatively low lead content (5 wt.% Pb = 3 vol.% Pb)
ensured emulsification and the mixing system was successfully
tested, it was decided that during the next low-gravity experi-
ment (see Heide, TEXUS 8 (this chapter)) a sample material con-
taining a larger volume percent of the minority phase would be
processed.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Metallic Matrix, Phase Separation, Melt and
Solidification, Directional Solidification, Acoustic Mixing,
Sedimentation, Buoyancy Effects, Separation of Components,
Liquid/Liquid Interface, Liquid/Liquid Dispersion, Homogeneous
Dispersion, Stability of Dispersions, Emulsion, Inclusions,
Coagulation, Particle Coalescence, Particle Size Distribution,
Particle Growth, Wetting, Surface Tension, Thermal Gradient,
Thermocapillary Flow, Thermocapillary Convection, Marangoni Con-
vection, Solid/Liquid Interface, Material Interaction with Con-
tainment Facility, Coated Surfaces, Quench Process

Number of Samples: one

Sample Materials: immiscible alloy: 5 wt.% Pb, 95 wt.% Zn
(Pb*Zn*)

Container Materials: metallic cartridge and diaphram coated with
with TiN or flexible graphite

(Ti*N*, C*)

Experiment/Material Applications:
The specific reason why the Pb-Zn alloy was selected for this ex-
periment was not detailed in available publications.

See also Fredriksson, TEXUS 2.

References/Applicable Publications:

(1) Clancy, P. F., Heide, W., and Langbein, D.: Sounding Rocket
Flight Test of an Acoustic Mixer by Manufacture of a Lead-Zinc
Emulsion Alloy in Microgravity. In Proceedings of the 4th
European Symposium on Material Sciences Under Microgravity,
Madrid, Spain, April 5-8, 1983, ESA SP-191, pp. 99-104. (post-
flight)
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(2) Clancy, P. F. and Heide, W.: Acoustic Mixing of an Immiscible
Alloy (Pb-Zn) in Microgravity. In The Effect of Gravity on the
Solidification of Immiscible Alloys, Proceedings of an
RIT/ESA/SSC Workshop, Jarva, Krog, Sweden, January 18-20, 1984,
pp. 73-77. (post-flight)

(3) Acoustic Mixing. In Summary Review of Sounding Rocket Ex-
periments in Fluid Science and Materials Sciences, TEXUS 1 to 20,
MASER 1 and 2, ESA SP-1132, February 1991, pp. 266-267. (post-
flight)

(4) Solidification of Immiscible Alloys. In Summary Review of
Sounding Rocket Experiments in Fluid Science and Materials
Sciences, TEXUS 1 to 20, MASER 1 and 2, ESA SP-1132, February
1991, pp. 268-269. (post—-flight)

Contact(s):

W. Heide or Prof. D. Langbein
Battelle Institut e.V.

Am Romerhof 35

Postfach 90 01 60

D-6000 Frankfurt/Main 90
Germany
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Principal Investigator(s): Heide, W. (1), Langbein, D. (2)
Co-Investigator(s): Unknown
Affiliation(s): (1,2) Battelle-Institute, Frankfurt, Germany

Experiment Origin: Federal Republic of Germany
Mission: TEXUS 7

Launch Date/Expt. Date: May 1983

Launched From: ESRANGE, Kiruna, Northern Sweden
Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 06-5
Builder of Processing Facility: Unknown

Experiment:
Separation of Transparent Liquids

This TEXUS 7 experiment was the second in a series of investiga-
tions designed by Heide and/or Langbein et al. to study the be-
havior of immiscible systems under low-gravity conditions (see
Heide, TEXUS 5). The specific objective of the experiment was to
examine the nucleation, growth, transport, and coalescence of
minority phase droplets during directional cooling of a
transparent, immiscible systemn.

The TEXUS Experiment Module TEM 06-5 was used for the experiment.
The module contained a 40 mm x 20 mm X 10 mm aluminum block with
two observation windows (the experiment cell). The observation
windows allowed the experiment process to be filmed during the
low-gravity mission. The cell was filled with a liquid consist-
ing of 35% cyclohexane and 65% methanol. Two thermocouples,
one at the top of the cell and one at the bottom of the cell were
used to achieve thermal control of the sample liquid. In addi-
tion, a thermocouple on the left side of the cell and a ther-
mocouple on the right side of the cell were used to monitor the
fluid temperature.

One hour prior to launch, resistance heaters, attached to the top
and bottom plates of the block, heated the sample liquid to 50
Oc. (The mixture’s critical temperature is 45.6 ©c.) Full mixing
of the components resulted. Once low-gravity conditions had been
achieved (approximately 70 seconds after launch), the lower side
of the liquid cell was cooled to 10 Oc. (The lower heater was
connected to a cooling plate such that, "...30 [seconds was] suf-
ficient for cooling the bottom of the cell by 40 °c." (1, p. 28))
<Note: It appears that under the chosen thermal conditions, the
liquid mixture does not solidify but a cooling front can be ob-
served.>
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Post-flight examination of the documenting film revealed the
propagation of the c¢ooling front and the growth of the
cyclohexane particles behind the cooling front. (This migration
was referred to as a "fog front" of cyclohexane particles.) Ap-
proximately 30 seconds after cooling was initiated, strong migra-
tion of the cyclohexane droplets towards the cooling front was
observed. Reportedly, the migration of the droplets was caused
by Marangoni convection. The Marangoni convection was attributed
to the thermal and solutal gradients which existed behind the
cooling front. Once the droplets reached the cooling front, the
migration was halted since the liquid above the front was at a
temperature of 50 ©c (and thus no thermal gradient existed to
drive the Marangoni convection). It was reported that the
results from this experiment fit well with the theoretical pre-
dictions (see Reference (3) for discussions concerning the
theoretical treatment).

A reference experiment was performed on Earth for comparison.
The fluid behavior of the ground sample was similar to that of
the rocket sample during the first 35 seconds. However, the
cyclohexane drops, now driven by gravity-induced buoyancy forces,
continued to move into the liquid. Once in the liquid, where the
two fluids were still miscible, the droplets shrank and vanished
after a few seconds.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible
Fluids, Binary Systems, Model Materials, Transparent Liquids,
Phase Separation, Directional Solidification, Thermal Gradient,
Solutal Gradients, Liquid Mixing, Emulsion, Dispersion,
Liquid/Liquid Dispersion, Liquid/Liquid Interface, Drops, Drop
Coalescence, Drop Migration, Particle Growth, Particle Transport,
Nucleation, Segregation, Buoyancy Effects, Thermocapillary Con-
vection, Buoyancy-Driven Convection, Marangoni Convection, Maran-
goni Movement of Droplets, Solidification Front Physics,
Solid/Liquid Interface

Number of Samples: one

Sample Materials: binary liquid: 35% cyclohexane and 65% methanol
Container Materials: aluminum

(Al*)
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Experiment/Material Applications:

The cyclohexane/methanol mixture used in this experiment repre-
sents a model system of immiscible materials. The liquid is
transparent and permitted visualization of drop movement.

References/Applicable Publications:

(1) Langbein, D. and Heide, W: The Separation of Liquids Due to
Marangoni Convection. Adv. Space Res., Vol. 4, No. 5, 1984, pp.
27-36. (post-flight)

(2) Langbein, D. and Heide, W.: Entmischung von Flissigkeiten
aufgrund von Grenz-flachenkonvektion. ZFW, Vol. 8, 1984, pp.
192-199. (in German)

(3) Langbein, D.: On the Separation of Alloys Exhibiting a Mis-
cibility Gap. In Proc. Workshop on Effect of Gravity on
Solidification of Immiscible Alloys, Stockholm, January 18-20,
1984, ESA SP-219, March 1984. (theoretical analysis)

(4) Langbein, D. and Heide, W.: Study of Convective Mechanisms
Under Microgravity Conditions. Adv. Space Res., Vol. 6, No. 5,
pp. 5-17, 1986. (TEXUS 7 and 9)

(5) Martinez, I., Haynes, J. M., and Langbein, D.: Fluid Statics
and Capillarity. In Fluid Sciences and Materials Science in
Space, Edited by Walter, H. U., Springer Verlag, 1987, pp. 53-80.
(related topics)

(6) Separation of Transport Fluids Due to Marangoni Convection.
In Summary Review of Sounding Rocket Experiments in Fluid Science
and Materials Sciences, TEXUS 1 to 20, MASER 1 and 2, ESA SP-
1132, February 1991, pp. 270-271. (post-flight)

Contact(s):

W. Heide or Prof. D. Langbein
Battelle Institut e.V.

Am Romerhof 35

Postfach 90 01 60

D-6000 Frankfurt/Main 90
Germany
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Principal Investigator(s): Heide, W. (1), Langbein, D. (2)
Co-Investigator(s): Unknown
Affiliation(s): (1,2) Battelle-Institute, Frankfurt, Germany

Experiment Origin: Federal Republic of Germany

Mission: TEXUS 8

Launch Date/Expt. Date: May 1983

Launched From: ESRANGE, Kiruna, Northern Sweden

Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 02-1 (furnace
with acoustic mixer)

Builder of Processing Facility: Acoustic Mixer: Battelle In-
stitute, Frankfurt, Germany; Furnace: Messerschmitt-Boelkow-Blohm
(MBB/ERNO) , Germany

Experiment:
Acoustic Mixing/Solidification of Immiscible Allovys

This TEXUS 8 experiment was the third in a series of investiga-
tions designed by Heide and/or Langbein et al. to study the be-
havior of immiscible systems under low-gravity conditions (see
Heide, TEXUS 5, TEXUS 7). The major objective of the TEXUS 8 ex-
periment was the same as that for the earlier TEXUS 5 experiment:
to obtain a fine dispersion in an immiscible material system by
acoustic mixing. In contrast to the TEXUS 5 experiment, the
TEXUS 8 experiment employed an alloy which had a critical con-
centration of .the minority component.

Prior to the mission, a Zn-15 wt.% Pb sample was prepared. The
higher Pb content (higher than the TEXUS 5 content) was used be-
cause (1) solidifying a Zn-15 wt.% Pb alloy on Earth is
problematic, (2) such an alloy is more interesting from a techni-
cal point of view, and (3) an alloy with this large of a volume
percent of minority phase is likely to provide information con-
cerning active segregation mechanisms.

The TEXUS Experiment Module TEM 02-1, equipped with an acoustic
mixer, was used for the study. The experimental setup and proce-
dure was the same as that described under Heide, TEXUS 5.

Post-flight examination of the low-gravity sample indicated that
the section processed with acoustic mixing contained Pb particles
with diameters of up to 50 microns. When the acoustic mixer was
switched off, the Pb particle size increased to between 200 and
300 microns. In a similarly processed ground-based sample, the
particle size increased from 120 to 150 microns for the respec-
tive sections. It was also reported that, for both 1-g and low-g
samples, the Pb volume content in the sections solidified with
acoustic mixing was lower than the initial lead content.
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"It is clear from these results that for the case of an immis-
cible alloy such as Pb-Zn with a critical concentration of the
minor component (Pb)... [that]... in the absence of mixing, rapid
and extreme coagulation occurs. In this case [acoustic] mixing
can be used in microgravity conditions to produce a fine disper-
sion with results better than those achievable on the ground even
with mixing and is a necessary technique to prevent rapid
coagulation of a critical composition in microgravity." (1, p.
77)

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Metallic Matrix, Phase Separation, Melt and
Solidification, Acoustic Mixing, Sedimentation, Segregation,
Buoyancy Effects, Separation of Components, Minority Phase,
Liquid/Liquid Interface, Liquid/Liquid Dispersion, Homogeneous
Dispersion, Stability of Dispersions, Emulsion, Coagulation, Par-
ticle Size Distribution, Particle Growth, Solid/Liquid Interface,
Coated Surfaces

Number of Samples: one

Sample Materials: immiscible alloy: Zn-15 wt.% Pb
(Zn*Pb*)

Container Materials: See Heide, TEXUS 5

Experiment/Material Applications:
See Experiment summary (above).

See also Fredriksson, TEXUS 2, "Segregation Phenomena in Immis-
cible Alloys: Zn-Bi" (this chapter).

References/Applicable Publications:

(1) Clancy, P. F. and Heide, W.: Acoustic Mixing of an Immiscible
Alloy (Pb-Zn) in Microgravity. In The Effect of Gravity on the
Solidification of Immiscible Alloys, Proceedings of an
RIT/ESA/SSC Workshop, Jarva Krog, Sweden, January 18-20, 1984,
pp. 73-77. (post-flight; discusses TEXUS 5 and TEXUS 8
experiments)
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(2) Clancy, P. F., Heide, W., and Langbein, D.: Sounding-Rocket
Flight Test of an Acoustic Mixer by Manufacture of a Lead-Zinc
Emulsion Alloy in Microgravity. In Proceedings of the 4th
European Symposium on Materials Sciences under Microgravity,
Madrid, Spain, April 5-8, 1983, pp. 99-104. (preflight; TEXUS 5
results and justification for TEXUS 8 sample material)

(3) Solidification of Immiscible Alloys. In Summary Review of
Sounding Rocket Experiments in Fluid Science and Materials
Sciences, TEXUS 1 to 20, MASER 1 and 2, ESA SP-1132, February
1991, pp. 268-269. (post—-flight)

Contact(s):

W. Heide or Prof. D. Langbein
Battelle Institut e.V.

Am Romerhof 35

Postfach 90 01 60

D-6000 Frankfurt/Main 90
Germany
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Principal Investigator(s): Heide, W. (1), Langbein, D. (2)
Co-Investigator(s): Unknown
Affiliation(s): (1,2) Battelle-Institute, Frankfurt, Germany

Experiment Origin: Federal Republic of Germany
Mission: TEXUS 9

Launch Date/Expt. Date: May 1984

Launched From: ESRANGE, Kiruna, Northern Sweden
Payload Type: Sounding Rocket Experiment

Processing Facility: TEXUS Experiment Module TEM 06-5
Builder of Processing Facility: Unknown

Experiment:
Separation of Transparent Liquids

This TEXUS 9 experiment was the fourth in a series of investiga-
tions designed by Heide and/or Langbein et al. to study the be-
havior of immiscible systems under low-gravity conditions (see
Heide, TEXUS 5, TEXUS 7, TEXUS 8). The specific objectives of
the experiment were to (1) observe the nucleation, growth, and
Marangoni migration of minority phase droplets during directional
solidification of a transparent, immiscible system and (2) inves-
tigate the effects of a moving solidification front on the Maran-
goni migration.

The experiment apparatus and procedure were essentially the same
as those described under Heide, TEXUS 7. The major difference
between the two flight experiments was that TEXUS 9 (1) employed
a 5 wt.% methanol/95 wt.% cyclohexane mixture and (2) this mix-
ture was sufficiently cooled to create a solidification front.
(The solidification temperature of cyclohexane is +6 ©cC.)

Prior to launch, the experiment cell was heated to 50 °c (well
above the liquid phase miscibility gap of this material system).
Once low-gravity conditions had been achieved, the bottom plate
of the experiment cell was cooled to -5 ©C creating a solidifica-
tion front. The experiment was recorded with a 16 mm cine
camera.

Post-flight analysis of the documenting film revealed that the
initial behavior of the TEXUS 9 system was similar to the TEXUS 7
experiment: "...there is the penetration of the cooling and fog
front. However, about 10 s after... [the cooling is initiated] a
second, darker fog front moves upwards. It is faster than the
first one and passes it after about 18 s. It turns out to be a
front of methanol droplets, which are undergoing collective
Marangoni migration. Again, after about 30 s larger methanol
droplets migrate from the bottom to the cooling front.... After
36 s, when the bottom of the cell has reached 6 oC, i.e. when
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solidification of cyclohexane starts, the distribution of the
methanol droplets becomes more uniform, their average size
decreases. The solidification front hinders a preferred nuclea-
tion at bottom roughness." (2, p. 9)

When the TEXUS 9 results were compared to those from TEXUS 7, it
was reported that coagulation of methanol droplets in a
cyclohexane matrix (TEXUS 9) was much faster than coagulation of
cyclohexane droplets in a methanol matrix (TEXUS 7). This result
occurred despite the fact that both systems have the same in-
crease in interface energy. It was also reported that convective
rolls formed during the TEXUS 9 experiment after about 3 minutes.

These rolls "...can be ascribed to a correlation between the
growth front of cyclohexane and the nucleation and Marangoni
migration of methanol droplets."™ (2, p. 9) <Note: No mention of

convection rolls were reported for the TEXUS 7 experiment.>

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible
Fluids, Binary Systems, Phase Separation, Model Materials,
Transparent Liquids, Directional Solidification, Thermal
Gradient, Solutal Gradients, Minority Phase, Emulsion, Disper-
sion, Liquid/Liquid Dispersion, Liquid/Liquid Interface, Drops,
Coagulation, Drop Migration, Particle Growth, Particle Transport,
Droplet Size, Particle Size Distribution, Nucleation, Segrega-
tion, Buoyancy Effects, Marangoni Convection, Marangoni Movement
of Droplets, Interfacial Energy, Solidification Front Physics,
Solid/Liquid Interface

Number of Samples: one

Sample Materials: binary liquid: 95 wt.% cyclohexane and 5 wt.%
methanol

Container Materials: aluminum

(Al%)

Experiment/Material Applications:
See Heide, TEXUS 7.
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References/Applicable Publications:
(1) Langbein, D. and Heide, W.: The Separation of Liquids Due to
Marangoni Convection. Advances in Space Research, Vol. 4, Number

5, 1984, pp. 27-36. (post-flight; discusses results from TEXUS 7
and TEXUS 9 experiments)

(2) Langbein, D. and Heide, W.: Study of Convective Mechanisms
Under Microgravity Conditions. Adv. Space Res., Vol. 6, No. 5,
1986, pp. 5-17. (post-flight TEXUS 7, 9 and D1)

(3) Marangoni Transport of Droplets at a Solidification Front.
In Summary Review of Sounding Rocket Experiments in Fluid Science
and Materials Sciences, TEXUS 1 to 20, MASER 1 and 2, ESA SP-
1132, February 1991, pp. 272-273. (post-flight)

Contact(s):

W. Heide or Prof. D. Langbein
Battelle Institut e.V.

Am Romerhof 35

Postfach 90 01 60

D-6000 Frankfurt/Main 90
Germany
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Principal Investigator(s): Laher, R. R. (1)

Co-Investigator(s): Yoel, D. (Payload Manager, Lead Engineer)
(2), Moore, R. G. (Contributor/Customer) (3)

Affiliation(s): (1) During STS-004: Utah State University, Logan,
Utah, Currently: R & D Associates, Marina del Rey, California;
(2) During STS-004: Utah State University, Logan, Utah,
Currently: Heatherington Inc., Ventura, California; (3) During
STS-004: Morton Thiokol, Brigham City, Utah, Currently: Utah
State University Space Dynamics Laboratory, Logan, Utah

Experiment Origin: USA
Mission: STS Launch #4, STS-004 (STS OFT-4, Columbia)
Launch Date/Expt. Date: June 1982
Launched From: NASA Kennedy Space Center, Florida
Payload Type: College Student Experiment
NASA Get Away Special (GAS) Canister G-001
Volume of Canister: 5.0 cubic feet
Location of Canister: STS Payload Bay
Primary Developer/Sponsor of G-001l: Utah State University, Logan,
Utah/R. Gilbert Moore
Processing Facility: Hot wire cell/pump-heater assembly
Builder of Processing Facility: Designed by: Principal Inves-
tigator R. Laher; machined off-campus, Logan Utah

Experiment:

Thermal Conductivity of a Binary Heterogeneous Mixture
(Experiment Number 9-P)

On Earth, accurate measurements of the thermal conductivity of an
immiscible liquid are hindered (in part) by (1) fluid heat losses
attributed to convective flow and (2) separation of differing
density constituents of the mixture. In a low-gravity environ-
ment, such heat losses and fluid demixing should be reduced al-
lowing a more accurate measurement of the thermal parameter.

This experiment was one of ten investigations housed within the
G-001 Get Away Special (GAS) canister during STS-004. (Four
other experiments (of the ten) were applicable to this data base
(see Alford, STS-004 (Chapter 18); Dalley, STS-004 (Chapter 5);
Elwell, STS-004 (Chapter 12); Thomas, T. L., STS-004 (Chapter
14)).) The specific objective of the experiment was to measure
the thermal conductivity of a binary heterogeneous mixture.

The experimental setup included (1) an emulsification device to
mix the test liquids (crude o0il and water) and (2) a hot wire
liquid receiver cell (a hollow cylinder with a nichrome heater
positioned along its long axis).
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The expected, low-gravity operational scenario consisted of (1)
emulsifying the o0il and water components, (2) pumping the emul-
sified mixture into the hot wire cell, (3) applying a voltage
across the heater wire to induce a radial thermal gradient in the
fluid, (4) allowing a sufficient amount of time for the thermal
field to achieve a steady state, and (5) measuring the tempera-
ture distribution.

Reportedly, the resultant thermal data was to be used to calcu-
late the thermal conductivity of the mixture. However, post-
flight analysis of the experimental payload revealed that the
water in the experiment froze before the payload could be ac-
tivated. Consequently, the experiment was aborted. The prin-
cipal investigator commented that perhaps the most important
results of all were (1) the experience and knowledge acquired,
and (2) the personal enrichment from working with many dedicated
and talented individuals involved in bringing about payload G-
001.

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible
Fluids, Phase Separation, Binary Systems, Thermal Conductivity
Measurements, Heat Transfer, Thermal Gradient, Thermal Distribu-
tion, Buoyancy-Driven Convection, Separation of Components, Den-
sity Difference, Liquid Mixing, Emulsion, Dispersion,
Liquid/Liquid Dispersion, Liquid Transfer, Electric Field, Ther-
mal Environment More Extreme Than Predicted, Freezing, Hot-Wire
Technique, Contained Fluids, Liquid Reservoir

Number of Samples: one

Sample Materials: mixture of Louisiana crude oil & water
Container Materials: aluminum

(Al*)

Experiment/Material Applications:

Data resulting from research such as this could be used to
validate existing theoretical treatments of the thermal conduc-
tivity of a binary heterogeneous mixture.
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References/Applicable Publications:

(1) Yoel, D., Walker, S., Elwell, J. and Moore, G.: The First
Getaway Special - How it was Done. Spaceworld, May 1983, pp. 9-
16. (post-flight)

(2) STS-4 Fourth Space Shuttle Mission, NASA Press Kit, June
1982, p. 62. (preflight)

(3) Yoel, D. W.: Payload Integration of a Get Away Special
Canister. American Institute of Aeronautics and Astronautics,
Annual Meeting and Technical Display on Frontiers of Achievement,
Long Beach, California, May 12-14, 1981, 5 pp. (preflight)

(4) The STS-4 Getaway Special. NASA Report PB82-10223, May 20,
1982. (preflight)

(5) Cargo Systems Manual: GAS STS-4, May 20, 1988, JSC-17645, pp.
4-1 - 4-4. (preflight; very short description)

(6) Overbye, D.: The Getaway Kids Shuttle Into History. Dis-
cover, September 1982. (post-flight)

(7) Yoel, D. W.: Analysis of the First Getaway Special Space
Shuttle Payload. Thesis for M.S. in Physics, Utah State Univer-
sity, Logan, Utah, 1984.

(8) Moore, R. G.: Educational Implications of Getaway Special
Payload Number One. IAF-81-293, XXXIInd International Astronauti-
cal Federation Congress, Rome, September 6, 1981.

(9) Ridenoure, R.: GAS Mission Summary and Technical Reference
Data Base. Ecliptic Astronautics Co., Technical Report #EAC-TR-
RWR87-11, October 2, 1987. (Get Away Special canister mission
history)

(10) Input received from Principal Investigator R. Laher, August
1989.

(11) Transcripts of press conference at NASA MSFC with G-001 stu-
dent experimenters and sponsors, NASA, May 20, 1982.

(12) “Get Away Special,"™ NASA News, NASA MSFC, June 7, 1982.
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Contact(s):

Russ R. Laher

R & D Associates
P.O. Box 9695
Marina del Rey, CA
90295

R. Gil Moore

Space Dynamics Laboratory
Utah State University
Logan, UT 84322-4140

David Yoel
Heatherington Inc.
4171 Market Street
Suite C-1
Ventura, CA 93003
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Principal Investigator(s): Otto, G. H. (1)

Co-Investigator(s): None

Affiliation(s): (1) Deutsche Forschungs-und Versuchsanstalt far
Luft-und Raumfahrt (DFVLR)-Cologne, Germany <Note: The DFVLR is
now called the Deutsche Forschungsanstalt fur Luft-und Raumfahrt
(DLR) >

Experiment Origin: Federal Republic of Germany
Mission: STS Launch #5, STS-005 (STS 31-A, Columbia)
Launch Date/Expt. Date: November 1982
Launched From: NASA Kennedy Space Center, Florida
Payload Type: West German Get Away Special (GAS) MAUS Canister
DG-205 (Also designated as NASA Get Away Special (GAS) Canister
G-026)

Volume of Canister: 5.0 cubic feet

Location of Canister: STS Payload Bay
Primary Developer/Sponsor of DG-205/G-026: The German Ministry of
Research and Technology (BMFT)/Messerschmitt-Boelkow-Blohm (MBB-
ERNO)
Processing Facility: Radiation transparent thermostat (oven) with
X~ray unit. Variable cooling rates of the sample were possible
via the use of an air fan.
Builder of Processing Facility: DFVLR, Institute of Space Simula-
tion, Cologne, Germany

Experiment:
Stability of Metallic Dispersions (DG-205)

Above a certain temperature (the consulate temperature), a
specific combination of gallium and mercury illustrates
solubility in the liquid state. When such a Hg-Ga system is
processed on Earth, the molten mercury rapidly separates from the
molten gallium because of a large density difference between the
alloying components. In contrast, when such a system is
processed in space, there is a reduction of the gravity-driven
forces (sedimentation and buoyancy) which separate the metals.
Thus, it was anticipated that in a low-gravity environment (1) a
more homogeneous dispersion of the mercury droplets in the gal-
lium could be attained and (2) gravity-independent forces respon-
sible for the dispersion could be more closely investigated. It
was also surmised that if X-rays of the sample could be used to
record the appearance of the liquid metal shortly before or
during solidification, the physical processes governing the
resultant product might be more clearly defined.

This STS-005 Get Away Special (GAS) metals-mixing experiment was
the first in a series of investigations designed by Otto to study
the stability of metallic dispersions under low-gravity condi-
tions. The major objective of the investigation was to process a
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Ga-Hg sample in a transparent heater while simultaneously
penetrating the liquid alloy with periodic X-rays. Such X-ray
radiography would provide a real-time examination of the metal
during different stages of the experiment. The processing/X-ray
examination would permit the investigation of (1) the dissolution
process of the Ga-Hg system above the consulate temperature and
(2) the time-dependent stability of the dispersion (composed of
mercury droplets in gallium).

<Note: Reportedly, another major objective of the experiment was
testing the "function" of the MAUS standard system. Although
this objective was not further explained, it is thought that
testing the function may have implied determining the success and
practicality of the West German Get Away Special containers.
(Details of the MAUS system can be located in Reference (5).)>

During the mission, the single sample (80 vol.% Ga - 20 vol.% Hg)
was to be processed. Because the sample "...could be recycled
into its starting conditions by repeated thermal treatment...,"
(1, p. 104) the thermal cycling was to be performed during the 3
days of planned experiment time.

Post-flight analysis of the payload indicated that the experiment
was not activated. Reportedly, "A failure analysis yielded that
a leak in a silver-zinc electronic battery had developed during
the several weeks of waiting time on ground. Because of no volt-
age conditions the electronics of the standard system could not
be activated by the "on" signal given by the crew." (1, p. 104)
The sample payload was reflown on the NASA structure OSTA-2
during the space shuttle STS-007 mission (see Otto, STS-007).

Key Words: Systems Exhibiting a Miscibility Gap, Immiscible Al-
loys, Binary Systems, Metals, Metallic Matrix, Phase Separation,
Melt and Solidification, Drops, Drop Formation, Particle Growth,
Nucleation, Dispersion, Dispersion Alloys, Dispersion Strengthen-
ing, Stability of Dispersions, Metallic Dispersion, Liquid/Liquid
Dispersion, Homogeneous Dispersion, Liquid/Liquid Interface, Den-
sity Difference, Separation of Components, Sedimentation,
Buoyancy Effects, Dissolution, Precipitation of Second Phase,
Solid/Liquid Interface, X-Ray of Liquid Metal in Space, Air Fan,
Sample Not Processed As Planned, Battery Drain, Battery Leakage

Number of Samples: one
Sample Materials: 80 vol.% gallium - 20 vol.% mercury
(Ga*Hg*)
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Container Materials: TefloniM

Experiment/Material Applications:

The lack of direct observation of the physical processes occur-
ring in liquid metals, either just before or during solidifica-
tion, hampers the study of physical phenomena within the system.
Post examination of materials requires interpretation of the
processes which occurred during the solidification, which is dif-
ficult since details of these intermediate stages are missing.
The use of X-rays would allow real-time observation of these
processes.

Understanding the precipitation process (including nucleation,
growth and ripening) will lead to the improvement of dispersion
strengthened materials.

References/Applicable Publications:

(1) otto, G. H. and Baum, D. Material Sciences Experiments Under
Microgravity Conditions With M*A*U*S. In NASA Goddard Space
Flight Center’s 1985 Get Away Special Experimenter’s Symposium,
October 8-9, 1985, pp. 101-108, NASA CP-2401. (post-flight)

(2) Cause of German Payload Failure Determined. Aviation Week
and Space Technology, April 11, 1983. (post-flight)

(3) Moser, J. F.: Cargo Systems Manual: GAS STS-5. NASA Jsc-
17645 September 12, 1982, p. 4-1. (preflight)

(4) Otto, G. H.: The Behaviour of a Metallic Dispersion Under
Microgravity Conditions. Proceedings of the 4th European Sym-
posium on Materials Sciences Under Microgravity, Madrid, Spain,
April 5-8, 1983, ESA SP-191. (preflight)

(5) Baum, D., Otto, P., and Vits, P.: MAUS-A Flight Opportunity
for Automated Experiments Under Microgravity Conditions. Acta
Astronautica, Vol. 11, pp. 239-245, 1984.

(6) Baum, D., Stolze, H., and Vits, P.: Flight Data from MAUS
Payloads. IAF Paper 84-137, 1984.

(7) Otto, G. H.: MAUS fur Legierungen in der Schwerelosigkeit.
Umschau, Vol. 82, p. 703, 1982. (preflight)
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(8) Ridenoure, R.: GAS Mission Summary and Technical Reference
Data Base. Ecliptic Astronautics Co., Technical Report # EAC-TR-
RWR 87-11, October 2, 1987. (Get Away Special canister mission
history)

(9) Input received from Principal Investigator G. H. Otto, July
1989 and August 1993.

Contact(s):

Dr. Gunther H. Otto
DLR

Linder Hohe

D-51147 Koéln
Germany
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Principal Investigator(s): Otto, G. H. (1)

Co-Investigator(s): None

Affiliation(s): (1) Deutsche Forschungs-und Versuchsanstalt fuar
Luft-und Raumfahrt (DFVLR)-Cologne, Germany <Note: The DFVLR is
now called the Deutsche Forschungsanstalt fur Luft-und Raumfahrt
(DLR) >

Experiment Origin: Federal Republic of Germany
Mission: STS Launch #7, STS-007 (STS 31-C, Challenger)
Launch Date/Expt. Date: June 1983
Launched From: NASA Kennedy Space Center, Florida
Payload Type: West German Get Away Special (GAS) MAUS Canisters
DG-205I and DG-205I1IT
Volume of Canisters: 5.0 cubic feet
Location of Canisters: STS Payload Bay (carried on the Office
of Space and Terrestrial Applications (OSTA-2) pallet (a NASA
experiment carrier))
Primary Developer/Sponsor of DG-205I, DG-205II: The German Minis-
try for Research and Technology (BMFT)/Messerschmitt-Boelkow-
Blohm (MBB-ERNO)
Processing Facility: Radiation transparent thermostat (oven) with
X-ray unit. Variable cooling rates of the sample were obtained
via the use of an air fan. (This facility was similar to the
processing facility configured on MAUS DG-205, STS-005, with no
upgrades.)
Builder of Processing Facility: DFVLR, Institute of Space Simula-
tion, Cologne, Germany

Experiment:
The Stability of Metallic Dispersions (DG-205I and DG-205I1)

This STS-007 MAUS Get Away Special (GAS) metals-mixing experiment
was the second in a series of investigations designed by Otto to
study the stability of metallic dispersions under low-gravity
conditions (see Otto, STS-005).

Two MAUS canisters onboard STS-007 (DG-205I and DG-205II) were
dedicated to the dispersion experiment. Both of the canisters
were mounted on the OSTA-2 carrier in the shuttle cargo bay.
Reportedly, DG-205I and DG-205II had similar hardware configura-
tions, but sample conditions and time-temperature profiles dif-
fered. For example, the Principal investigator noted that (1)
the DG-205I processed a 80 vol.% Ga, 20 vol.% Hg sample, and that
(2) the DG-205II processed a 83.8 vol.% Ga, 16.2 vol.% Hg sample.

The STS-007 experiment was similar to the earlier STS-005 inves-
tigation. The major objective of the investigation remained the
same: to process a Ga-Hg sample in a transparent heater while
simultaneously penetrating the liquid alloy with periodic X-rays.
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Such X-ray radiography could provide a real-time examination of
the metallic melt during different stages of the experiment. The
processing/X-ray examination would permit the investigation of
(1) the dissolution process of the Ga-Hg system above the consu-
late temperature and (2) the time-dependent stability of the dis-
persion (composed of mercury droplets in gallium).

Because a battery leak occurred in the previous STS-005 MAUS
payload, the cause of the leak, a simple O-ring seal, was
"corrected" for the STS-007 flight of the DG-205 canister.

During the mission, a single sample was processed in each of the
MAUS canisters with three heating and cooling cycles. A reser-
voir, configured to compensate for volume expansion of the
sample, was implemented to eliminate material free surfaces.

A document published prior to the launch of the experiment
detailed an expected experiment cycle. First, the samples were
to be heated to a temperature above the miscibility gap (220 ©¢)
and homogenized. Second, the samples were to be cooled into the
miscibility gap (but not solidified) with a prescribed cooling

rate. Third, the dispersion was to be held at a constant tem-
perature. Fourth, because the samples "...could be recycled
into... [their] starting conditions by repeated thermal treat-
ment..." (4, p. 104) (by heating the sample to its homogenized

state above the miscibility gap (220 ©c)), the thermal cycling
was to be repeated during the 3 days of planned experiment time.

During the mission, "Different cooling rates of 30, 10 and 2
K/min were achieved by forced cooling with a fan, natural and
programmed cooling respectively. In the actual experiment the
cycle containing natural cooling was lost because of temporary
problems with the film transport." (2, p. 44) The differing
cooling rates permitted an examination of rate-dependent
processes (precipitation and growth). The temperature hold at
the miscibility gap permitted an examination of isothermal
processes (droplet motion by residual gravity or droplet growth
via Ostwald Ripening).

<Note: Although it is clear from Reference (3) that DG-205I was
cooled into the miscibility gap at a rate of 30 K/min and that
DG-205II was cooled into the miscibility gap at a rate of 1.7
K/min, details/results of other cooling cycles in each canister
were not presented (although references indicated that four ex-
periment cycles (total) were realized). Thus, it appears from
Reference (2) that these other two cooling rates may have been
related to the lost data referred to above (natural cooling 10
K/min) .>
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Post-flight analysis of the payload indicated that the experiment
was successful and "...yielded the first X-ray photos from a
metallic dispersion cooling a homogeneous solution into the mis-
cibility gap." (4, p. 104)

The following observations were reported:

"~ [Homogenization] appears to be completed after 4 hours at 190
Oc. This can be concluded from the constant grey [sic] scale
value of the sample when measuring across the X-ray film. In the
[Earth] laboratory at least 8 hours are needed for worst case
conditions when the heavier mercury is on the bottom of the con-
tainer.

[<Note: Reference (3) indicated that in DG-205I, the homogenized
state was achieved after a diffusion time of 24 hours at 190 ©°c
when a cooling rate of 30 K/min was employed. Further, Reference
(5) indicated that low-g homogenizations of gallium and mercury
by diffusion (cooling rate not specified) were achieved in less

than 1 hour. The Principal Investigator addressed these
"inconsistencies" in reporting by explaining that "...at the time
when the experiment was designed the... [homogenization] dura-

tions were very much in question because the convective contribu-
tion to the diffusion coefficient in the liquid state was not
known. Therefore, a conservative... [homogenization] time of 24
hours [prior to cooling] was chosen in order to be on the safe
side. After the experiment it turned out that this time was suf-
ficient. However, depending on the dispersed state of the
sample... [homogenization] was achieved in less than 1 hour.>]

"- When cooling the sample in to the miscibility gap with a rate
of 30 K/min the precipitation of the Hg-droplets occurs rapidly.
However, no finely dispersed state with a particle size of about
0.3 diameter ([the] resolution 1limit of the X-ray photos) can be
observed. Hg-droplets seem to be generated by heterogeneous
nucleation at the gallium surface. Droplets seem to be station-
ary once they achieve the visibility limit and do not show any
blurring movement despite the exposure time of 20 s.

"- Supercooling of the melt appears small and if present should
be less than 20 °c.

"- When cooling into the gap the growth of precipitated droplets
[in the low-g environment] is rather fast.... Within one minute
(30 K into the gap) the particles have already grown to an
average diameter of 0.8 mm. Anticipating growth by diffusion
only, the diameters increase too fast by at least a factor of
five. Other processes like convective material transport or
coalescence are likely to contribute to growth....
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[<Note: Reportedly, concentration gradients at the interface were
sources of the convective material transport (see Reference
(10)) . Acceleration levels on the shuttle were mentioned
below.>]

"The housekeeping systems also provided information about the
payload from which the acceleration data taken over a period of
three days are the most interesting.... Crew activities and ac-
tivation of the robotic arm can be seen clearly on the record.
It should be stated that the g-sensitive runs of the X-ray ex-
periment were programmed to happen during the sleeping time of
the crew." (4, pp. 104-105)

"- Movement of the droplets due to residual acceleration over a
period of two hours cannot be observed. Therefore, it is con-
cluded that the mercury precipitated or rapidly migrated to
the... [gallium/teflon(container) interface] of the sample where
it became stationary." (2, p. 45)

It was concluded that a homogeneous dispersion of a Hg-rich phase
was not achieved during the experiment. Instead, there was a
tendency for the mercury to coagulate into droplets.

"In the sample that was cooled with a fast rate the process of
precipitation and nucleation of droplets occurred very quickly.
In the photographs one sees the sudden appearance of droplets,
heterogeneously distributed in location as well as size. Minimum
size detectable is 0,2 mm diameter. The size of the droplet
grows with further cooling. The rate of growth of the droplets
is faster than one would expect by diffusion alone. Supposedly
convection in microgravity